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MEDICAL APPLICATIONS 

Hitachi's products are not authorized for use in MEDICAL APPLICA- 
TIONS, including, but not limited to, use in life support devices without the 
written consent of the appropriate officer of Hitachi's sales company. Buyers 
of Hitachi's products are requested to notify Hitachi's sales offices when 
planning to use the products in MEDICAL APPLICATIONS. 



When using this manual, the reader should keep the following in mind: 

1. This manual may, wholly or partially, be subject to change without 
notice. 

2. All rights reserved: No one is permitted to reproduce or duplicate, in 
any form, the whole or part of this manual without Hitachi's permission. 

3 . Hitachi will not be responsible for any damage to the user that may result 
from accidents or any other reasons during operation of his unit accord- 
ing to this manual. 

4. This manual neither ensures the enforcement of any industrial proper- 
ties or other rights, nor sanctions the enforcement right thereof. 

5. Circuitry and other examples described herein are meant merely to 
indicate characteristics and performance of Hitachi semiconductor- 
applied products. Hitachi assumes no responsibility for any patent in- 
fringements or other problems resulting from applications based on the 
examples described herein. 

6. No license is granted by implication or otherwise under any patents or 
other rights of any third party or Hitachi, Ltd. 
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HM100470 4K x 1 RAM 623 

HM100480-15 16K x 1 RAM 626 

HM100480F-15 16K X 1 RAM 626 

HITACHI SALES OFFICES 629 
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I PACKAGE INFORMATION 



• Dual-in-line Plastic 



Unit: mm (inch) Scale 1/1 



• DP-16B 



• DP-18 
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PACKAGE INFORMATION - 



Unit: mm (inch) Scale 1/1 



• DP-24A 



• DP-24N 



24 29 62(1.166) 13 

nnnnnnnnnnnn 
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- PACKAGE INFORMATION 



• Applicable ICs 



DP-16B 



DP-18 



DP-18B 



DP-20N 



DP-22N 



DP-24 



DP-24A 



DP-24N 



DP-28 



DP-28N 



HM50256P Senes.HM50256AP Series,HM50257P Series,HM50257AP Senes,HM51256P Sertes,HM51256LP Series. 
HM51258P Series 



HM6148HP Series, HM6147HP Series,HM6147HLP Senes,HM511000P Series.HM51 1001P Senes.HM511002P Series 



H M 50464 P Series. HM50465P Series 



I 



HM6168HP Series.HM6168HLP Series. HM6268P Series. HM6167P Senes.HM6167LP.HM6167HP Series. 
HM6167HLP Senes,HM6267P Series, HM6267LP Series, 



HM6287P Series. HM6287LP Series, HM6288P Series, 



HM6116PSenes.HM6116LPSenes,HM6116APSeries,HM6116ALPSenes.HN61365P,HN61366P 



HM53461P Senes.HM53462P Series 



HM6116ASPSenes.HM6116ALSP Series. 



HM6264P Senes.HM6264LP Series. HM6264LP-L Senes.HM62256P Senes,HM62256LP Series. HM 652 56 A P Series. 
HM65256BP Series. HM65256BLP Series. HN61364P.HN613128P.HN61256P.HN613256P.HN623256P.HN62101P. 
HN62301 AP. HN62301BP.HN62301DP. HN482764P Senes.HN27128AP Series. HN27256P Senes,HN27512P Series. 
HN 58064 P Series. HN58C65P Series 



HN6264ASP Senes.HM6264ALSP Series. HM65256 ASP Series. HM65256BSP Senes.HM65256BLSP Series 



HN62302P.HN642402P 



•CERDIP 



• DG-16 




• DG-16A 
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PACKAGE INFORMATION - 



Unit: mm (inch) Scale 1/1 



• DG-20NA 




48 ± I 2 54 ±0 25 

(00I9±0004) (0 1 00 ± 1 0) 
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-PACKAGE INFORMATION 



• Applicable ICs 



DG-16 



DG-16A 



DG-18 



DG-18A 



DG-20NA 



DG-22N 



DG-24N 



DG-28 



DG-32 



HM10414.HM1014-1 



HM2110,HM2110-1,HM2112,HM2112-1,HM100415 



HM10470,HM10470-1,HM10470-20,HM100470 



HM511000 Series, HM511001 Series, HM511002 Series 



I 



HM2142,HM10480,HM10480-15,HM10480L,HM100480-15 



HM6787.HM6787-30.HM6788 



HM10422,HM10422-7,HM10474-8,HM10474-10,HM100422,HM100474.HM100474-8.HM100474-10 



HN482764G Series, HN27C64G Senes,HN27128A Series,HN27256G Senes,HN27C256G Series. HN 275 12G Series 



HN27C101G Series, HN27C301G Series 



• Zigzag-in-line Plastic 



Unit: mm (inch) Scale 1/1 



• ZP-16 

20 13(0 793) 
20 65max(0 8l3maxf 
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Jllllill 

048+01 [T27(0 050)1 
(0019+0004) 
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• Applicable ICs 



HM50256ZP Series. 
HM:>0257ZI > Series 



• Flat Package 



Unit: mm (inch) Scale 1-1/2 
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(Note) Two kinds of 

packages, thickness 
2o0ma\(0 098ma\ ) 
and3 00ma\(0 118 
max ). are a\ailable 
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PACKAGE INFORMATION- 



Unit: mm (inch) Scale 1-1/2 



• FP-54 




• FP-64 




25 6 + 4 
(I 008±0 0I6) 



2 9max 
(0 I Umax) 
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(0 039 + 006) 
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0051888!) 



• Applicable ICs 



FP-24D 



HM6116FP Series, HM6116LFP Series 



FP-28D 



HM6264FP Series, HM6264LFP Series, HM6264LLFP Series. HM6264AFP Series, HM6264ALFP Series, 
HM62256FP Series, HM62256LFP Series, HM65256BFP Series. HM65256BLFP Series, HN27C64FP Series, 
HN27C256FP Series 



FP-54 



HN61364FP, HN613128FP, HN61256FP, HN613256FP. HN623256FP, HN62101FP 



FP-64 



HN62301AFP, HN62301BFP, HN62301DFP 



FG-20D 



HM10480F, HM10480F-15, HM100480F-15 



FG-24 



HM100422F. HM100474F. HM100474F-8, HM100474F-10 
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• CHIP CARRIER 



• CG-20 



• CG-24 
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PACKAGE INFORMATION 

Unit: mm (inch) Scale 1-1/2 



• CG-22A 



I245±03 
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nnnnn p fl > 
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• CP-18 



WF 



1339+012(0 52710005) 




I 35 ±0 5(0 447 ±0 020) 



I 



• Chip Carrier 



CG-20 



HM6267CG Series 



CG-22A 



HM6287CG Series , HM6787CG Series 



CG-24 



HM100422CG, HM100415CG 



CP-18 



HM50464CP Series, HM50465CP Series, HM50256CP Series, HM50257CP Series, HM51256CP Series, HM51256LCP Series 
HM51258CP Series 
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PACKAGE INFORMATION- 



• 24 Pin with Lid 


• 28 Pin with Lid 


• 32 Pin with Lid 


■ Plastic DIP 








• 16 Pin 


• 18 Pin 


• 20 Pin 


• 24 Pin A 


•# 4# 4 




•4^ 


• 24 Pin 


• 28 Pin 


i 


> 28 Pin 


■ Leadless Chip Carrie 


r 






• 18 Pin 


• 20 Pin 


• 22 Pin 


• 24 Pin 


<P* 


<P* 


<^ 


^^ 


■ SOP 
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PLCC 


■ SOJ 


• 24 Pin 
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• 18 Pin 


• 26/20 Pin 
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^P 


^^^ 
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I RELIABILITY OF HITACHI IC MEMORIES 



1. STRUCTURE 

IC memories are basically classified into bipolar 
type and MOS type and utilized effectively by their 
characteristics. The characteristic of bipolar memo- 
ries is high speed but small capacity, instead, MOS 
memories have large capacity. There are also dif- 
ferences in circuit design, layout pattern, degree of 
integration, and manufacturing process. These 
memories have been produced with the standardized 
concept of design and inspection all through the 



processes of designing, manufacturing and inspec- 
tion. 

IC memories are constituted by the unit patterns 
called cells, which are integrated in high density. 
The knowhows based on our experience have been 
applied in every production stage. In addition, re- 
liability has been ensured using TEG (Test Element 
Group) evaluation. Examples of cell circuits of 
bipolar and MOS memories are shown in Table 1. 



I 



• Table 1 Basic Cell Circuit of IC Memories 



NMOS, CMOS 

memories 
(Static RAM) 



Classification 



Bipolar memory 
(RAM) 



Bipolar memory 
(PROM) 



NMOS memory 
(Dynamic RAM) 



NMOS memory 
(PROM) 



Application 



Buffer memory, 
control memory 
of high-speed 
computer 



Microcomputer 
control use 



Main memory of computer, 
microcomputer memory 



For 

microcomputer 

control 



Example of 
basic cell 
circuit 




£ 



X 




"X" 



Dies of IC memories are produced in various pack- 
ages. In this process of packaging, Hitachi has also 
innovated new techniques and ensured to high level. 
As packages for IC memories, cerdip (glass-sealed) 
packages and plastic packages are currently used. 
Also such packages as LCC (Leadless Chip Carrier) 
or SOP (Small Outline Package) have been devel- 
oped for high density packaging. Cerdip packages 
sealed hermetically are suitable for equipment re- 
quiring high reliability. Plastic packages are widely 
applied to many kinds of equipment. Hitachi 
plastic packages have been improved the reliability 



level as highly as that of the hermetically sealed 
packages. Table 2 shows the outlines of the Hitachi 
packages. 



• Table 2 IC Memory Package Outline 



• Cerdip 
• 16 pin 



'18 Pin 



• 20 Pin 



► 24 Pin 





«#* 




Hitachi America Ltd. 
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Reliability of Hitachi IC Memories 

2. RELIABILITY Results of reliability tests are listed below. 



2.1 Reliability Test Data on Bipolar Memories 

The reliability test data on the bipolar memories are 
shown in Table 3 and 4. Since they are manufac- 
tured under the standardized design rules and quali- 



ty control, there is no difference in reliability 
among the various types. And the larger the capac- 
ity is, the higher the reliability per bit becomes. 



• Table 3 Results on 


bipolar 


Memory Reliability Test (1) 




















HM10480(Cerdip) 


HM10470(Cerdip) 


HM 100422 (Flat Package) 


Test item 


Test 
condition 


sam- 
ples 


Total 

component 

hours 


Fail- 
ures 


Failure 
rate* 
(1/hr) 


Test 
condition 


sam- 
ples 


Total 

component 

hours 


Fail- 
ures 


Failure 
rate* 
d/hr) 


Test 
condition 


sam- 
ples 


Total 

component 

hours 


Fail- 
ures 


Failure 
rate* 
(1/hr) 


High- 
temperature 
(Operating) 


7d=i:5 c C 


40 


CH 
4CK10 4 





2 3xlO" 5 


7a=125°C 
Vee=-5 2V 


125 


CH 

4 0x10 s 





2 3x10 s 


7a=150°C 
K f£ =-50V 


80 


CH 

8.0xl0 4 





1 2x1 0* s 


7-j=l 5(fC 
Vee =-* 5V 


40 


4CK10 4 





2 3xl0" s 


7a=150°C 
V E E=-5 2V 


80 


2 7x10 s 





3 4xl0" 2 




HiKh-temp 

storage v 


7tf=l50 a C 


80 


8 0x10 s 





1 2xl0" s 


7a=150°C 


120 


1 2x10 s 





7 7xl0' s 


7a=150°C 


80 


8 0x10 s 





1.2xl0* s 



• Table 4 Results on Bipolar Memory Reliability Test (2) 



Test item 


Test condition 


HM 10480 
(Cerdip) 


HM 10470 
(Cetdip) 


HM 100422 
(Flat Package) 




Samples 


Failure 


Samples 


Failures 


Sample 


Failures 


Temperature cycling 


-60°O+150°C, 10 cycles 


40 





120 





40 





Soldering heat 


260°C, 10 seconds 


22 





22 





- 


- 


Thermal shock 


0°O-+100 C, 10 cycles 


30 





36 





20 





Mechanical shock 


1500G, 0.5ms, Three times 
each for X, Y and Z 


30 





30 





60 





Variable frequency 


100~2000Hz,200G, Three 
times each for X, Y and Z 


40 





40 





60 





Constant- 
acceleration 


200Q0G, 1 minute, each for 
X, Y and Z 


40 





40 





60 






2.2 Reliability test data on MOS memories 

2.2.1 Reliability test data on MOS DRAM and 

SRAM 

The reliability test data on the MOS memories are 

shown in Tables 5, 6 and 7. In these tables, data are 

shown on representative types of 256 K DRAM 

(HM50256), 64K SRAM (HM6264P), 16K SRAM 

(HM6116P). 

• Table 5 Reliability Data on 256K and 64K DRAM 



The life test at high temperature and high voltage is 
performed to estimate the reliability of the products 
using fewer samples. The cause of failure are all in 
manufacturing process, so we feedback the data into 
manufacturing process to improve the quality and 
reliability. 





Test 
condition 


HM50256 (Cerdip) 


HM4864AP (Plastic) 




Test item 


Sam- 
ples 


Total 

component 

hours 


Fail- 
ures 


Failure 
rate* 
(1/hr) 


Sam- 
ples 


Total 

component 

hours 


Fail- 
ures 


Failure 
rate* 
(1/hr) 


Remarks 


High- 


150°C/8V 


525 


1.02x10 s 


10* 1 


1.13xl0" 3 


500 


l.OOxlO 4 


l* 4 


2.02x10* 


♦1-3 


temperature 


150°C/7V 


448 


0.81xl0 4 


4*2 


6.47x10* 


69 


0.35xl0 4 





2.63x10* 


Oxide 


pulse 


125°C/8V 


336 


0.67x1 4 


4*3 


7.82X10" 4 


300 


0.60xl0 4 





1.53x10* 


x 17 

Foreign 

material 


operation 


125°C/7V 


2834 


0.95x1 4 





9.68x1 0" 1 


429 1 


1.04xl0 4 





8.85x10* 


High- 
temperature 


85°C 85% 
RH 5.5V 


160 


0.36x10 s 





2.56x10* 


650 


1.23xl0 4 





7.48x1 0" 7 


x 1 
*4 
Oxide 


Pressure 
cooker 


121°C/100%> 
RH 


- 


- 


- 


- 


100 


5.00x1 4 





1.84xl0" s 


Failure 
x 1 



* Confidence level 60%. 
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-Reliability of Hitachi IC Memories 



• Table 6. 1 


Reliability Data on 64K and 128K EPROM 














Test 
condition 


HM6264P (Plastic) 


HM616T (Plastic) 




Test item 


Sam- 
ples 


Total 

component 

hours 


Fail- 
ures 


Failure 
rate* 
(1/hr) 


Sam- 
ples 


Total 

component 

hours 


Fail- 
ures 


Failure 
rate* 
(1/hr) 


Remarks 


High- 


150°C/7V 


100 


0.10x10 s 


l* 1 


2.02x1 0" 5 


_ 


_ 


_ 




Foreign 
material 


temperature 


125"C/8V 


162 


0.20xl0 4 


2* 2 


1.55xl0" 5 


_ 


_ 


_ 


— 


pulse 


125°C/7V 


1014 


1.16xl0 4 


2*3 


2.67X10" 4 


- 


- 


- 


- 


failure x l 
Other x l 
•4 Bit 
failure x 2 


operation 


125°C/5.5V 


- 


- 


- 


- 


9940 


2.28x1 4 


2*4 


1.36X10" 4 


High- 
temperature 


85°C/85% 
RH7V 


304 


0.30xl0 4 





3.07x1 0" 4 


1430 


2.35xl0 4 


4*s 


2.23X10" 4 


AS x 2 


Pressure 
cooker 


121°C/ 
100% RH 


55 


2.20xl0 4 





4.18xl0" s 


250 


4.40x1 4 





2.09x1 0" s 


Pa^iva- 



• Confidence level 60%. 



2.2.2 Reliability Test Data on ERROM 
EPROM has two types; the conventional EPROM 
with transparent window and the one time program- 
mable ROM (OTPROM). The latter is packaged in 



plastic package. The reliability test data on the 
representative EPROM types of 64K EPROM 
(HN482764, HN482764P), 128K EPROM 
(HN4727128) are shown in Table 7. 



• Table 7 Reliability Data 


on 64K and 128K EPROM 














Test 
condition 


HN482764 (Cerdip/Plastic) 


HN4827128(Cerdic) 




Test item 


Sam- 
ples 


Total 

component 

hours 


Fail- 
ures 


Failure 
rate* 
(1/hr) 


Sam- 
ples 


Total 

component 

hours 


Fail- 
ures 


Failure 
rate* 
(1/hr) 


Remarks 


Hieh-temp. 


125°C/5.5V 


131 


0.43x1 4 





2.14X10" 4 


100 


0.10x10* 





9.20xl0" 6 




operation 


125°C/7V 


760 


0.61x105 





1.51X10" 4 


_ 


_ 


_ 


_ 


*1 
Data 

dissipa- 


High- 
temperature 


200°C 


117 


1.17xl0 5 


!*i 


1.73xl0" 5 


80 


0.40x10 s 





2.30x1 0" s 


250°C 


106 


1.06x10 s 


5 *i 


5.94X10" 4 


65 


0.33x10 s 


l* 1 


6.12xl0- s 


tion x 38 


Storage 


300°C 


67 


0.67x10 s 


25* 1 


3.73X10" 4 


50 


0.25x10 s 


6* 1 


2.93X10" 4 




High- 
temperature 


85°C/85% 
RH5V 


200 


0.20xl0 4 





4.60x1 0" 4 


- 


- 


- 


- 


Data of 


Pressure 
cooker 


121°C/ 
100% RH 


78 


0.16xl0 2 





5.75xl0" 5 


- 


- 


- 


- 


64K OTP 



* Confidence level 60%. 



The failure in table 7 is due to the data dissipation 
in memory cells. Getting thermal energy, electrons 
in memory cells are activated and go through the 
floating gate. In actual usage, however, it has no 
problem because this phenomenon depends on tem- 
perature (about 1.0eV of activated energy) greatly. 
The moisture resistance of OTPROM is also satis- 
factory. 



The example of PROM derating are shown in Table 
8. When users apply the derating, the parameter is 
generally only the temperature because IC memories 
are specified the operating condition. Especially to 
lower the junction temperature during mounting is 
important to stabilize operation on access time, 
refresh time and other characteristics. 
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• Table 8 Example of EPROM Derating 



Factor 



Failure criteria 



Failure mechanism 



Temperature 



Electrical Characteristics, 
Function Test 



Increase of leak current 
and others 



Summary 

The result from high temperature baking of PROM 
is shown in the right figure. 







/ 






/ 


t 






/ 








/ 
















V .0 .0 .0 .0 
8 8 8 8 R 

t 7 T T ♦ 


1 



25 

lovr, (ic 1 ) 



Note: 



Decreasing junction temperature shown in the figure will promise the higher reliability the junction 
temperature can be calculated by a formula: Ts = T a + 0j a ,p d- ^ja * s a b° ut 10 ° C/W with no air 
flow and about 60 to 70 C/W with 2.5 m/s air flow. 



2.2.3 Reliability Data on MASK ROM 

The reliability test data on 256K and 1M bit MASK 

ROM are shown in Table 9. MASK ROM is pat- 



terned according to ROM information in manufac- 
turing process, so has no problem of data dissipation 
in high temperature like EPROM and EEPROM. 



• Table 9 Reliability Data 


on 256K and 1M MASK ROM 














Test 
condition 


HN6 1 3 256P (Plastic) 


HN62301P (Plastic) 




Test item 


Sam- 
ples 


Total 

component 

hours 


Fail- 
ures 


Failure 
rate* 
(1/hr) 


Sam- 
ples 


Total 

component 

hours 


Fail- 
ures 


Failure 
rate* 
(1/hr) 


Remarks 


High -temp 


125°C/5.5V 


90 


0.9xl0 5 





1.02xl0" 5 


— 


— 


— 


— 




operation 


125°C/7V 


50 


0.5x1 5 





1.84xl0" 5 


246 


2.46x10 s 





3.74x1 0- 4 




High- 
temperature 


85°C/85% 
RH5V 


120 


1.2x10 s 





7.67x1 0" s 


120 


1.20x10 s 





7.67X10" 4 




Pressure 
cooker 


121°C/ 
100% RH 


80 


0.8x1 4 





1.15X10" 4 


78 


1.56xl0 4 





5.90x1 0" 4 





' Confidence level 60%. 

2.2.4 Reliability Data on MOS Memory (The result 

of environment test) 
Examples of each environment test data are shown 
in Table 10. They show good results without any 
failure even in severe environment. 
V TH of MOS transistor is one of the basic process 



parameters in MOS memory, which has almost no 
change using surface stabilization technology and 
clean process. Table 2 shows the examples of time 
changes for 256K DRAM; Vcc min. (V min ) and 
access time (t RAC ) in high temperature pulse test. 



• Table 10 Reliability Data on MOS Memories 




















Test item 


Test condition 


HM5026 
(Cerdip) 


EPROM 

(Cerdip) 


HM4864AP 
(Plastic) 


HM6264P 
(Plastic) 


LCC 




Sam- 
ples 


Fail- 
ure 


Sam- 
ples 


Fail- 
ures 


Sam- 
ples 


Fail- 
ures 


Sam- 
ples 


Fail- 
ures 


Sam- 
ples 


Fail- 
ures 




Temperature cycling 


-55°C~150°C 
1 cycle 


1486 





775 





887 





3315 





860 







Temperature cycling 


-55°C~150°C 
1000 cycle 


316 





250 


0- 


277 





150 





445 







Thermal shock 


-65°C~150°C 
15 cycle 


145 





146 





38 





76 





498 







Soldering heat 


260°C, 10 


50 





90 





38 





76 





82 









1,500G, 0.5ms 


38 





90 





- 


- 


- 


- 


82 







Variable frequency 


20~2,000Hz 
20G 


38 





90 





- 


- 


- 


- 


82 







Constant-acceleration 


20,000G 


38 





90 


0* 


- 


- 


- 


- 


82 





*6,000G 



12 



Hitachi America Ltd. 



HITACHI 

2210 OToole Avenue • San Jose, CA 95131 • (408)435-8300 



-Reliability of Hitachi IC Memories 



2.3 Change of Electrical Characteristics on IC 
Memory 

The degradation of Icbo ar, d n FE are the main 
factors of degradation in inner cell transistor of 
bipolar memory. In actual element designing, how- 
Fig. 1 Time Dependence in Access Time for HM 10470 



ever, it is designed to operate in the range at which 
no degradation happen. Therefore no change of 
characteristics including access time are observed. 
Time dependence in access time for HM 10470 are 
shown in Fig. 1. 



I 



Example 


Example of time change in access tune for Bipolar memory 


Device name 


HM 10470 








Test condition 


Ta=l25°C,V EE =-5.2V 


35 
_ 30 

~ 20 
!5 


Measuring Condition T Maximum 
4 Average 
1 Minimum 
Marching Pattern 




Failure criteria' 


t AA = 25ns 




Failure mechanism 


Surface degradation 




Results: 

Access time (t^ A ) is stabilized and is within the failure 

criteria. 






























500 1,000 " 2,000 
Time ( hr > 





Fig. 2 Time Dependence in Vqd min and *RAC for HM50256 



Example 


Examples of time change in access timer for MOS memory 


Device name 


HM50256 




Test condition 


T a = 125°C, all bit scanning 








4 

i 
1 


;i j 1 \ 

Measuring (..indium- T Max, mum 

• \=4lWftS 1 Minimum 
Marching Paitern 




Failure criteria 


v DD = 4.5 V, av bb =i.ov 




Failure mechanism 


Surface degradation 




Results: 

Both of Vdd (min) and t^ A c are stabilized. 








(I 5U0 1 000 " 2,000 
lime hr 






lbO 

g 140 

5 130 

120 

110 


I I I I 






-I I t I 








Note: Test accuracy is 0.2V, 


2ns. 




l.me hr 





2.4 Failure Mode Rate 

Examples of failure mode happened in users' ap- 
plication are shown in Figure 3 and 4. Since IC 
memories require the finest pattern process of 
semiconductor technology, the percentage of fail- 



ures, such as pinholes, defects on photoresist and 
foreign materials, tends to increase. To eliminate 
the defects in the manufacturing process, Hitachi 
has improved the process and performed 100% 
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burn-in screening under high temperature. Hitachi 
has been collecting and checking customers' process- 
data and marketing data for higher reliability of our 



products. To analyze them is very helpful for the 
improvement of designing and manufacturing. 




Defective Insulation 
Laver Due to Foreign 
Materials "S 

Defective Photo- 
ithography 2% 



Defective 
Metal. zatton 2% 




Fig. 3 Failure Mode Rate of Bipolar Memory 



Fig. 4 Failure Mode Rate of MOS Memory 



3. SOFT ERROR 



3.1 Soft Error Mechanism 

As mentioned before, IC memories have been highly 
integrated. By integration, the chip size is reduced 
and also signal level on the chip and storage charge 
of dynamic memories is reduced. An obstacle of 
integration is soft error. Soft error is a transistory 
failure which can be recovered by reprogramming. 
It is caused by a-particles emitted from U and TH 
contained in the package materials. As memory 
chips are irradiated by a-particles, a great deal of 
electronhole pairs are induced in Si substrate. 
These induced electrons reverse the data in memory 
cell. 



Fig. 5 shows the mechanism of soft error by a- 
particle. In case of NMOS dynamic memory, posi- 
tive holes are drown to substrate because negative 
voltage is applied to the Si substrate, so, the data is 
reversed only by electrons (from data "1" to "0") 
Fig. 5 shows the soft error in memory cell mode. 
This soft error is defined as "Memory cell mode" 
distinguished from "Bit line mode". 
Soft error in "Bit line mode" is shown in Fig. 6. As 
the data is read out on bit line, bit line potential 
changes according to the data in memory cell. As 
this changed level is very small (about 100 mV), it 
is amplified by sense amplifier compared with the 



Polvbil'icon Gate 



c 



? 



Iicon Substrate J 



L V--J 

Information Storage Area- 
' e being absent)\ 



If 



*•* o-particle 



}[ 



jeeeeeeeee* 



(a) Memory information at "1" (b) Incident a-particle generate a (c) Inversion of memory informa- 



(Electrons are absent) 

(1 Transistor type memory cell) 



large quantity of electron-hole 
pairs. Generated electrons enter 
the information storage area and 
holes are drawn to the substrate 
power supply. 



Fig. 5 Soft Error in Memory Cell Mode 



tion from "1 " (electrons "ab- 
sent") to "0" (electrons "filled") 
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/ 



Bit Line Potential 



Reference Level 





Pre- Information Amplified 
charge Read Cycle 



(a) Read out memory information 
into bit line 



(b) Inversion of information 
from "1"to "0" 
(fall of "1 " potential) 



(c) Inversion of information 
from "0" to "1 " 
(fall of standard potential) 



Fig. 6 Soft Error in Bit Line Mode 





NX 




Cell 


Mode 


Nn 


<x 








NX 
NX 










x 


Mixed Mode 


B. 


Line 


Mode n 




i . ,. _ 



Fig 



1 
1 10 10 2 10 3 

Cycle Time (Relative Figure) 
7 Soft Error Rate Depending on Cycle Time 



reference potential (potential read out from dummy 

cell). If bit line is irradiated by a-particle in this 

short cycle of read out to amplification, bit line 

potential decreases. In case that bit line potential 

becomes less than reference potential, soft error 

(data "1" to "0") will be occurred. On the other 

hand, with decrease of reference potential, soft 

error (data "0" to "1") will be occurred. 

Both are defined as the soft error in "Bit line mode" 

because the errors are occurred by the a-particle 

irradiation to bit line. 

Fig. 7 shows the soft error rate depending on cycle 

time. 

In actual products, the soft errors are occurred in 

three different modes; Memory cell mode, Bit line 

mode and a mixture of both modes. 



3.2 Prevention against Soft Error in Products 

The soft error rate of initial 64K DRAM was 
beyond the expected rate. Therefore Hitachi has 
prevented against soft error as follows. 

1) Use of package materials which emit less number 
of a-particles 

2) Application of chip coating technology to pre- 
vent the a-particle 

3) Improvement of circuitry and layout technology 
with a-particle immunity 

As the result of these preventions, the soft error rate 



io- 



J_ 



I 



Mask 1 Mask 2 Mask 3 Mask 4 

Fig. 8 Soft Error Improvement on 64K DRAM 
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of 64K DRAM has attained the acceptable level. 
Figure 8 shows a development of the soft error rate 
of 64KDRAM. Chip coating was applied for mask 
1 and 2, however, according to the improved tech- 
nology, it is not required for mask 3 and 4. 
The improved technology in 64K DRAM has also 
applied to 256K SRAM and attained the high level. 

3.3 Request for Prevention against Soft Error in 
System Equipment 

System reliability can be improved more by supply- 
ing some function, that is, ECC device for large-scale 
memory system and parity bit for small-scale one. 



4. RELIABILITY CLASSIFICATION 

In designing IC memories, Hitachi classifies memory 
reliability according to their application and 
controls the flows of design, production and test. 
Reliability can be roughly classified as follows; 

1) For large scale computers and electronic ex- 
changes 

2) For Important parts of auto-motive application 

3) For general communication industry 

Our products would be used effectively to consider 
the above-mentioned classification by its applica- 
tion. 

Especially, for your special application, please 
consult our sales engineering staff. 
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A variety of IC memories such as large capacity 
dynamic memory, high speed bipolar memory and 
low power dissipation static CMOS memory have 
been developed and commercially available, which 
can be selected according to application. Precaution 
for handling IC memories will be given below to pre- 
vent the device from malfunctioning. 



1. BIPOLAR MEMORY 

1.1 Prevention of Static Electricity 

Bipolar memories have been more affected by the 
static electricity than conventional type because 
their diffused layers have become thinner. Preven- 
tions against electrostatic discharge are as follows. 

(1) Keep all terminals of a device at the same 
potential, use conductive mat and tubes in 
transporting or storing them. 

Hitachi usually uses the plastic tube coated 
with or made of conductive material, and in 
some cases, uses the conductive mat called 
"MOSPAK" for our shipment. Reused tubes 
should not be used. 

(2) Ground operator in handling memories for in- 
spection or connection as shown in Fig. 1. In- 
sert a 1M ohm resistor to protect operator 
against an electric shock. 

(3) Control the ambient relative humidity at about 
50%. 

(4) Wear cotton clothes instead of the ones made 
of synthetic fabrics. 

(5) Ground tips of soldering iron, which is prefer- 
able the one operates at low voltage. 

(6) Pack with conductive mats in shipping IC 
memories mounted on the circuit board. 




^^-Q-^~> 



Copper ring 

(put it on a finger 



\ 



1MQXW resistor 



Fig. 1 

1.2 Prevention of Reverse Insertion 

Inserting ICs reversely may cause excess current to 
be flown and sometimes the devices to be damaged. 



The device orientation is indicated on the package 
surface definitely. 

1.3 Mounting and Removal of ICs with Power On 

Usually rather high current flows in regulator of 
bipolar memory. Therefore, if ICs are mounted or 
removed from board with power on, the induced 
voltage may destroy the ICs. The device should be 
mounted on or removed from the board with power 
off. The same precaution is required in measuring 
ICs using tester. 

1.4 Prevention of Oscillation 

As ECL bipolar memory has a high transistor cut-off 
frequency, external circuit might cause oscillation 
which brings ICs into misoperation. So, the capa- 
city of about 0.1 juF with high frequency charact- 
eristics is recommended to put between ICs and 
voltage supply line. 

1.5 Precaution on Simple "H" Level of ECL 
Memory 

In some cases, the input of ICs is directly connected 
to ground to set input as "H" level. However, it 
sometimes causes misoperation in conjunction with 
internal circuit conjunction with internal circuit 
composition. "H" and "L" level of input are spe- 
cified as V| L (min) and V )H (max) respectively. 
Please utilize ICs properly according to its specifica- 
tion. 

1.6 Cooling 

Power dissipation of bipolar memory is 400 mV to 
1000 mV per chip. In the case that many bipolar 



EEEEEEEEEzEEEEEEEEEEEEEEEzEzEEzE. 




%= = ™=™ 


^ 


^ 


= = = = = = = ^ = = = =h=: = = =: 


\~\ ' 


. 


= = = = z= = = = = = = =fc= = = = 






20 2 " ,0 ,„> / |lK . iS 



2oo its iso us ioo :s so > r , 

lumtii.il Temperature on Operation T, ('(,. 

Fig. 2 Derating of ECL Memory 
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memories are mounted on a board, it is difficult to 
cool the device sufficiently in natural air flow. 
Therefore, the forced-air cooling at higher than 2.5 
m/s is required. Then, reliability will be improved 
as shown in Fig. 2. 

We recommend the junction temperature to be kept 
less than 85°C in high reliability use. 

1.7 Other Precaution 

(1 ) Deforming of Shipping Tube and Carrier 
Since the plastic tube and carrier for shipment 
(for ECL flat package) are usually made of 
thermo-plastic, they are deformed at the tem- 
perature of higher than 40 to 50° C. 

If the device is subjected to the burn-in by 
users, please use the aluminum tube or other 
metal fixtures. 

(2) Glass sealed package is easily damaged by the 
shock, however, it is not so seriously damaged 
by normal handling or the drop test (JIS 
C7021 A-8) on individual one. In case of receiv- 
ing strong shock during transportation or load- 
ing of devices packed in the tube, they are 
damaged. So please take care not to drop the 
tube packed the device in transporting and 
loading on/off. In addition after mounting on 
board, the device may be damaged if the board 
strength is not strong enough, or the board re- 
ceives the strong deforming stress. Please be 
careful the board strength and handling of the 
board mounting ICs. 



2. MOS MEMORY 

2.1 Prevention against Static Electricity 

MOS IC memory requires the same caution for 
handling as bipolar memory against static electricity 
as described in 1.1. 

2.2 Prevention against Power Supply Noise 

As for the dynamic memory, power supply current 
is different greatly between in operation (access 
time) and in non-operation (stand-by time). It is 
effective to reduce the power dissipation, however, 
it may cause the spike noise on the supply current. 
To supply the enough current during refresh, it is 
recommended to insert the large capacitor (ex. a 
10juF capacitor for every 9 pieces of 64K-bit of 
HM4864) as well as an 0.1 juF high-frequency capaci- 
tor for each device. In addition, it is very important 
to reduce the impedance in circuits on designing. 

2.3 Evaluation of Memory System Design 

The power margin curve (shmoo curve) is available 
for evaluating the memory system design (timing 
margin or adaptability to the peripheral circuits). 
Investigating the variable V DD and access time, the 
device with the closer curve to its margin is judged 
to be better. 

2.4 Parity Bit 

Application of MOS IC static memory especially to 
microcomputers has been rapidly increasing due to 
the advantages that it operates by a single 5V supply 
and refreshing is not required. 
In some cases, IC memory is designed as all bits are 
information bits and no partiy bit. Is is, however, 
desirable to add parity bits to detect the memory 
errors. 



2.5 Use under High Electric Field 

In case MOS IC memories are placed near to high 
voltage source, the high electric field may cause 
failures in system operation. 

To avoid the failure, shield the ICs from the high 
voltage source. 
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1. VIEWS ON QUALITY AND 
RELIABILITY 

Hitachi basic views on quality are to meet individual 
users' purpose and their required quality level and 
also to maintain the satisfied level for general ap- 
plication. Hitachi has made efforts to assure the 
standardized reliability of our IC memories in actual 
usage. To meet users' requests and to cover expand- 
ing application, Hitachi performs the followings; 

(1 ) Establish the reliability in design at the stage of 
new product development. 

(2) Establish the quality at all steps in manufactur- 
ing process. 

(3) Intensify the inspection and the assurance of re- 
liability of products. 

(4) Improve the product quality based on market- 
ing data. 

Furthermore, to get higher quality and reliability, 
we cooperate with our research laboratories. 
With the views and methods mentioned above, 
Hitachi makes the best efforts to meet the users' re- 
quirements. 

2. RELIABILITY DESIGN OF 
SEMICONDUCTOR DEVICES 

2.1 Reliability Target 

Establishment of reliability target is important in 
manufacturing and marketing as well as function 
and price. It is not practical to determine the re- 
liability target based on the failure rate at a single 
common test condition. So, the reliability target is 
determined based on many factors such as each 
characteristics of equipment, reliability target of 
system, derating applied in design, operating condi- 
tion and maintenance. 

2.2 Reliability Design 

Timely study and execution are essential to achieve 
the reliability based on reliability targets. The main 
items are the design standardization, device design 
including process and structural design, design 
review and reliability test. 
(1) Design Standardization 

Design standardization needs establishing design 
rules and standardizing parts, material, and 
process. When design rules are established on 
circuit, cell, and layout design, critical items 
about quality and reliability should be ex- 
amined. Therefore, in using standardized 
process or material, even newly developed prod- 
ucts would have high reliability, with the excep- 



tion of special requirement on function. 

(2) Device Design 

It is important for device design to consider 
total balance of process design, structure 
design, circuit and layout design. Especially in 
case of applying new process or new material, 
we deeply study the technology prior to devel- 
opment of the device. 

(3) Reliability Test by Test Site 

Test site is sometimes called Test Pattern. It is 
useful method for evaluating reliability of 
designing and processing ICs with complicated 
functions. 

1 . Purposes of Test Site are as follows; 

• Making clear about fundamental failure mode; 

• Analysis of relation between failure mode and 
manufacturing process condition. 

• Analysis of failure mechanism. 

• Establishment of QC point in manufacturing. 

2. Effects of evaluation by Test Site are as follows; 

• Common fundamental failure mode and 
failure mechanism in devices can be evaluated. 

• Factors dominating failure mode can be 
picked up, and compared with the process 
having been experienced in field. 

• Able to analyze relation between failure 
causes and manufacturing factors. 

• Easy to run tests. 

2.3 Design Review 

Design review is a method to confirm systematically 

whether or not design satisfies the performance 

required including by users, follows the specified 

ways, and whether or not the technical items 

accumulated in test data and application data are 

effectively applied. 

In addition, from the standpoint of competition 

with other products, the major purpose of design 

review is to insure quality and reliability of the 

product. In Hitachi, design review is performed 

in designing new products and also in changing 

products. 

The followings are the items to consider at design 

review. 

(1 ) Describe the products based on specified design 
documents. 

(2) Considering the documents from the standpoint 
of each participant, plan and execute the sub- 
program such as calculation, experiments and 
investigation if unclear matter is found. 

(3) Determine the contents and methods of reliabil- 
ity test based on design document and drawing. 



HITACHI 

Hitachi America Ltd. • 2210 OToole Avenue • San Jose, CA 95131 



(408) 435-8300 



19 



Quality Assurance of IC Memory- 



(4) Check process ability of manufacturing line to 
achieve design goal. 

(5) Arrange the preparation for production. 

(6) Plan and execute the sub-programs of design 
changes proposed by individual specialists, for 
tests, experiments and calculation to confirm the 
design change. 

(7) Refer to the past failure experiences with 
similar devices, confirm the prevention against 
them, and plan and execute the test program 
for confirmation of them. 

In Hitachi, these study and decision at design review 
are made using the individual check lists according 
to its objects. 



3. QUALITY ASSURANCE SYSTEM OF 
SEMICONDUCTOR DEVICES 

3.1 Activity of Quality Assurance 

The following items are the general views of overall 
quality assurance in Hitachi; 

(1) Problems is solved in each process so that even 
the potential failure factors will be removed at 
final stage of production. 

(2) Feedback of information is made to insure 
satisfied level of process ability. 

As the result, we assure the reliability. 
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3.2 Qualification 

To assure the quality and reliability, the qualifica- 
tion tests are done at each stage of trial production 
and mass production based on the reliability design 
described at section 2. 

The followings are the views on qualification in 
Hitachi: 

(1) From the standpoint of customers, quality the 
products objectively by a third party. 

(2) Consider the failure experiences and data from 



customers. 

(3) Qualify every change in design and work. 

(4) Qualify intensively on parts and materials and 
process. 

(5) Considering the process ability and factor of 
manufacturing fluctuation, establish the control 
points in mass production. 

Considering the views mentioned above, qualifica- 
tion shown in Fig. 1 is done. 



Process 



Material, Parts 




Quality Control 



Inspection on Material and 
Parts for Semiconductor 
Devices 



Manufacturing Equipment, 
Environment, Sub-material, 
Worker Control 



Inner Process 
Quality Control 



100% Inspection on 
Appearance and Electrical 
Characteristics 
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Fig. 2 Flow Chart of Quality Control in Manufacturing Process 
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3.3 Quality and Reliability Control in Mass Produc- 
tion 

To assure quality in mass production, quality is 
controlled functionally by each department, mainly 
by manufacturing department and quality assurance 
department. The total function flow is shown in 
Fig. 2. 

3.3.1 Quality Control on Parts and Materials 

With the tendency toward higher performance and 
higher reliability of devices, quality control of parts 
and materials becomes more important. The items 
such as crystal, lead frame, fine wire for wire bond- 
ing, package and materials required in manufactur- 
ing process like mask pattern and chemicals, are all 
subject to inspection and control. 
Besides qualification of parts and materials stated in 
3.2, quality control of parts and materials is defined 
in incoming inspection. Incoming inspection is per- 
formed based on its purchase specification, drawing 
and mainly sampling test based on MIL-STD-105D. 
The other activities for quality assurance are as 
follows. 

• Table 1. Quality Control Check Points of Parts 
and Material (example) 



Material, 
Parts 


Important 
Control Items 


Point for Check 


Wafer 


Appearance 

Dimension 
Sheet Resistance 
Defect Density 
Crystal Axis 


Damage and Contamina- 
tion on Surface 
Flatness 
Resistance 
Defect Numbers 


Mask 


Appearance 
Dimension 
Resistoration 
Gradation 


Defect Numbers, Scratch 
Dimension Level 

Uniformity of Gradation 


Fine 
Wire for 
Wire 
Bonding 


Appearance 

Dimension 
Purity 
Elongation Ratio 


Contamination, Scratch, 
Bend, Twist 

Purity Level 
Mechanical Strength 


Frame 


Appearance 

Dimension 

Processing 

Accuracy 
Plating 
Mounting 

Characteristics 


Contamination, Scratch 
Dimension Level 

Bondability, Solderability 
Heat Resistance 


Ceramic 
Package 


Appearance 
Dimension 
Leak Resistance 
Plating 
Mounting 

Characteristics 
Electrical 

Characteristics 
Mechanical 

Strength 


Contamination, Scratch 
Dimension Level 
Airtightness 

Bondability, Solderability 
Heat Resistance 

Mechanical Strength 


Plastic 


Composition 

Electrical 

Characteristics 
Thermal 

Characteristics 
Molding 

Performance 
Mounting 

Characteristics 


Characteristics of 
Plastic Material 

Molding Performance 
Mounting Characteristics 



(1 ) Technology Meeting with Vendors 

(2) Approval and Guidance of Vendors 

(3) Analysis and tests of physical chemistry. 

The typical check points of parts and materials are 
shown in Table 1. 

3.3.2 Inner Process Quality Control 

To control inner process quality is very significant 
for quality assurance of devices. The quality 
control of products in every stage of production is 
explained below. Fig. 3 shows inner process quality 
control. 

(1) Quality Control of Products in Every Stage of 
Production 

Potential failure factors of devices should be re- 
moved in manufacturing process. Therefore, check 
points are set up in each process so as not to move 
the products with failure factors to the next 
process. Especially, for high reliability devices, 
manufacturing lines are rigidly selected in order to 
control the quality in process. Additionally we per- 
form rigid check per process or per lot, 100% 
inspection in proper processes so as to remove 
failure factors caused by manufacturing fluctuation, 
and screenings depending on high temperature aging 
or temperature cycling. Contents of controlling 
quality under processing are as follows: 

• Control of conditions of equipment and workers 
and sampling test of uncompleted produsts. 

• Proposal and execution of working improvement. 

• Education of workers 

• Maintenance and improvement of yield 

• Picking up of quality problems and execution of 
countermeasures toward them. 

• Communication of quality information. 

(2) Quality Control of Manufacturing Facilities and 
Measuring Equipment 

Manufacturing facilities have been developed as the 
need of higher devices in performance and the auto- 
mated production. It is also important to determine 
quality and reliability. 

In Hitachi, automated manufacturing is promoted 
to avoid manufacturing fluctuation, and the opera- 
tion of high performance equipment is controlled to 
function properly. 

As for maintenance inspection for quality control, 
daily and periodically inspections are performed 
based on specification on every check point. 
As for adjustment and maintenance of measuring 
equipment, the past data and specifications are 
clearly checked to keep and improve quality. 
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(3) Quality Control of Manufacturing Circumst- 
ances and Sub-material. 

Quality and reliability of devices are affected 
especially by manufacturing process. There- 
fore, we thoroughly control the manufacturing 
circumstances such as temperature, humidity, 
dust, and the sub-materials like gas or pure 
water used in manufacturing process. 



Dust control is essential to realize higher in- 
tegration and higher reliability of devices. To 
maintain and improve the clearness of manufac- 
turing site, we take care buildings, facilities, air- 
conditioning system, materials, clothes and 
works. Moreover, we periodically check on 
floating dust in the air, fallen dust or dirtiness 
on floor. 



Procass 


Control Point 


Purpose of Control 




\ 


7 Purchase of Material 


Wafer 


Characteristics, Appearance 


Scratch, Removal of Crystal 




-Wafer— 












Defect Wafer 






5 Surface Oxidation 


Oxidation 




Assurance of Resistance 






3 Inspection on Surface 




Appearance, Thickness of 


Pinhole, Scratch 






Oxidation 




Oxide Film 








5 Photo Resist 


Photo 
Resist 










3 Inspection on Photo Resist 




Dimension, Appearance 


Dimension Level 






OPQC Level Check 






Check of Photo Resist 






5 Diffusion 


Diffusion 


Diffusion Depth, Sheet 
Resistance 


Diffusion Status 






3 Inspection on Diffusion 




Gate Width 


Control of Basic Parameters 






OPQC Level Check 




Characteristics of Oxide Film 
Breakdown Voltage 


(Vth, etc) Cleaness of surface, 
Prior Check of Vih 
Breakdown Voltage Check 






5 Evaporation 


Evapo- 


Thickness of Vapor Film, 


Assurance of Standard 








ration 


Scratch, Contamination 


Thickness 






3 Inspection on Evaporation 












OPQC Level Check 












3 Wafer Inspection 


Wafer 


Thickness, Vth Characteris- 
tics 


Prevention of Crack, 
Quality Assurance of Scribe 






3 Inspection on Chip 


Chip 


Electrical Characteristics 








Electrical Characteristics 












>Chip Scribe 




Appearance of Chip 








3 Inspection on Chip 












Appearance 












OPQC Lot Judgement 










-Frame— i 












< 


Assembling 


Assembling 


Appearance after Chip 

Bonding 

Appearance after Wire 

Bonding 


Quality Check of Chip 

Bonding 

Quality Check of Wire 

Bonding 






OPQC Level Check 




Pull Strength, Compresion 
Width, Shear Strength 


Prevention of Open and 
Short 




( 


) Inspection after 




Appearance after Assembling 








Assembling 












OPQC Lot Judgement 










-Package- 










- < 


) Sealing 


Sealing 


Appearance after Sealing 
Outline, Dimension 


Guarantee of Appearance 
and Dimension 




OPQC Level Check 


Marking 


Marking Strength 




< 


3 Final Electrical Inspection 




. 






OFailure Analysis 




Analysis of Failures, Failure 
Mode, Mechanism 


Feedback of Analysis Infor- 
mation 


' 


J Appearance Inspection 








I 


^Sampling Inspection on 










Products 








< 


> Receiving 










Shipment 










Fig. 


3 Example of 


Inner Process Quality Control 
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3.3.3 Final Tests and Reliability Assurance 

(1) Final Tests 

Lot inspection is done by quality assurance 
department for the product passed in 100% test 
in final manufacturing process. Though 100% 
of passed products is expected, sampling inspec- 
tion is subjected to prevent mixture of failed 
products by mistake. 



(2) 



The inspection is executed not only to confirm 
that the products meet users' requirement, but 
to consider potential factors. Our lot inspec- 
tion is based on MIL-STD-105D. 
Reliability Assurance Tests 
To assure reliability, the reliability tests are per- 
formed periodically, and performed on each 
manufacturing lot if user requires. 



r~' 





Customer 












Claim 
, (Failures, Information) 






Sales Dept. 

Sales Engineering Dept. 
























1 




Quality Assurance Dept. 




Failure Analysis ' 




















* 




Manufacturing Dept. 




Design Dept. 


Countermeasure | 
Execution of 1 
Countermeasure i 


, 


i 










i 












Report 














Quality Assurance Dept. 














Follow-up and Confirmation i 




' 


Report 




1 




Sales Engineering Dept. 












Reply 








Customer 







Fig. 4 Process Flow Chart of Coping with Failure to a Cutomer 
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1. INSPECTION METHOD 



2. MARCHING PATTERN 



Compared to conventional core memories, IC 
memories contain afl peripheral circuits, such as the 
decoder circuit, write circuit and read circuit. As a 
result, assembly and electrical inspection of ICs are 
all performed by IC manufactures. Consequently, 
as the electrical inspection of IC memories are 
becoming more systematic, conventional IC inspec- 
tion facilities are becoming useless. This has led to 
the development and introduction of a memory 
tester with pattern generator to generate the inspec- 
tion pattern of the memory IC at high speed. A 
function test for such as TTL gates can be per- 
formed even by a simple DC parameter facility. 
However, when the address input becomes multi- 
plexed as m 18K, 64K and 256K memory, even the 
generation of the function test pattern becomes a 
serious problem. 

In the memory IC inspection, its quality cannot be 
judged by DC test at external pins only, because the 
number of the element such as transistor which can 
be judged in the DC test is only 1/1000 of all ele- 
ments. The followings are the address patterns pro- 
posed to inspect whether the internal circuits are 
functioning correctly. 

(1) All "Low", All ''High" 

(2) Checker Flag 

(3) Stripe Pattern 

(4) Marching Pattern 

(5) Galloping 

(6) Waling 

(7) Ping-Pong 

Those are not all, but only representative ones. 
There are the pattern to check the mutual inter- 
ference of bits and the pattern for the maximum 
power dissipation. Among the above mentioned 
patterns, those of (1) to (4) are called ISI pattern, 
which can check one sequence of N bit IC memory 
with the several times of N patterns at most. Those 
of (5) to (7) are called N 2 pattern, which need 
several times of N 2 patterns to check one sequence 
of ISl bit IC memory. Serious problem arises in using 
N 2 pattern in a large-capacity memory. For ex- 
ample, inspection of 16K memory with galloping 
pattern takes a lot of time — about 30 minutes. (1 ), 
(2) and (3) are rather simple and good metnods, 
however, they are not perfect to find any failure in 
decoder circuits. Marching is the most simple and 
necessary pattern to check the function of IC 
memories. 



The marching pattern, as its name indicates, is a pat- 
tern in which "1"s march into all bits of "0"s. For 
example, a simple addressing of 16 bit memory is 
described below. 

(1) Clear all bits See Fig. 1 (a) 

(2) Read "0" from 0th address and check that the 
read data is "0". Hereafter, "Read" means 
"checking and judging data" 

(3} Write "1" on Oth address See Fig. 1 (b) 

(4) Read "0" from 1st address. 

(5) Write "1" on 1st address. 

(6) Read "0" from nth address. 

(7) Write "1" on nth address See Fig. 1(c) 

(8) Repeat (6) to (7) to the last address. Finally, 
all data will be "1". 

(9) After all data become "1", repeat from (2) to 
(8) replacing "0" and "1". 

In this method, 5N address patterns are necessary 
for the N-bit memory. 








Fig. 1 Addressing method of for 16 bit memory in the 
Marching pattern 



3. GENERATION OF MARCHING 
PATTERN 

The simple method of generating the marching 
pattern and displaying failure bits of the memory on 
the braun tube will be introduced. Fig. 2 shows the 
block diagram. The address pattern is generated 
using four synchronous 4 bit counters. Fig. 4 shows 
the entire pulse relations. This example is for 16K 
bit memory and shows that A14, which has a half 
frequency of A13, is the same as the data inputs. 
A15 signal, together with the carrier signal of 
HD74161, is used to determine the termination of 
the sequence. 

As shown in Fig. 2, in the read and write cycles 
after clearing all bits, addressing is twice the period 
of clearing. This switching is performed at the 
binary gate, following the reference pulse generating 
circuit. Output of HD74161 is input to D/A con- 
verter and input to the oscilloscope as an analogue 
signal of X-Y matrix. The output of the comparator 
circuit is input to the Z axis and performed lumi- 
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Therefore, the fail bit map as shown in Fig. 5 is very 
useful for observing the operation of IC memories. 



. *DDRo 
. 4DDR. 

- \DDR* 

- ADDRj 



> ADDR. 

- ADDRs 

- ADDR. 



Fig. 2 Marching Pattern Generating Circuit 
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-S»X Ax.s of Osc.lloscope 



— ^ Y Axis of Oscilloscope 



From Comparator Circuit 



-£> Z Axis of Oscilloscope 



Fig. 3 Fail Bit Map Dilplay Circuit 



-1 Sequence - 



[— AIPO"- 



-■O'ReadTWrite- 



-TRead-O'Write- 



a. JUlT JLTLTU j^TLTLTU ,J~L 




Fig. 4 Entire Pulse Relation 



nous intensity modulation. In this way, the fail bit 
map is displayed on the CRT. Compared with 
others like TTL, the operation of IC memories is 
too complicated to understand only by pulse wave- 
form observed with an ordinary oscilloscope. 





(B) 





(D) 
Fig. 5 Example of 1 bit Solid Failure 
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4. FAILURE MODE 

Generally, 70% - 90% of failures at users are called 
solid failures. This failure mode has no relation 
with access time, voltage margin or timing. In this 
mode, a certain specified bit is stuck in "0" or "1". 
The simple methods previously mentioned is useful 
to detect such failures. Therefore, high-precision 
measurements such as those performed in memory 
IC manufactures are not necessary except any spe- 
cial cases. 

Hitachi performs 100% inspection on the worst 
conditions for devices so as to guarantee sufficient 
operations under all power voltage conditions and 
timing conditions specified. 

An extremely accurate memory tester is necessary 
to perform high-precision inspection considering 1ns 
accuracy. Hitachi has been developing testers to 
supply excellent memory ICs in characteristics and 
quality to users, and establishing the system capable 
of developing further high-efficiency memory ICs. 



-Outline of Testing Method 
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I APPLICATION OF DYNAMIC RAMS 



1. Power On 

After turning on power to set the memory circuitry, 
hold for more than 500ms and apply eight or more 
dummy loads before actuating the memory. The 
dynamic cycle may be either an ordinary memory 
cycle or a refresh cycle. 

2. Operation Modes (See Fig. 1) 
(1) Read Cycle: 

First, decide the X address of the memory cell 

chosen and start with trailing of RAS. When 

the X address has been held by the internal 

circuitry, change it to Y address. Then, trail 

CAS to take in the Y address. If the WE pin is 

at high level, output will appear on the Dout 

pin after a certain time. 

Write Cycle: 

The input at Din is written i n the memory cell 

when WE turns to low before CAS. 

Read/Modify /Write Cycle: 

During this cycle, CAS and WE are trailed down 

to low, so that data is read out from and 

written in the same address in the same 

memory cycle. 

Page Mode Cycle: 

In this cycle; CAS is cyclically moved, after 

taking in the X address through RAS, to scan 

only the Y address. This permits reading out 

and writing in only one column data at high 

speed. 



(2) 



(3) 



(4) 
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Fig. 1 Operating modes of Dynamic RAMs 



2. Data Output 

Dout is a TTL-compatible three-state output with 
two TTL -load fan outs. The output is controlled by 
the CAS signals; it is held while CAS is low , while 
Dout returns to a floating state when CAS is high. 
In the early write cycle, the output reaches high- 
impedance to permit the use as a common I/O ter- 
minal. 

3. Refresh 

Refresh is a process of periodical rewriting to make 
up for the leakage of the charge accumulated in the 
memory cell. This operation is implemented in the 
RAS only refresh cycle, ordinary read cycle, and so 
on. In 16k and 64k bit memories, all bits can be re- 
freshed by a 128-cycle scanning to only the X 
addresses from A0 to A6. In 256k bit memories, 
refresh is performed by 256-cycle scanning to X 
addresses from A0 to A7. Especially, the RAS only 
refresh cycle permits such a power-efficient refresh 
as calls for only approximately 75 percent of the 
current consumed by the read cycle. With CAS 
fixed at high level, the output is in high-impedance. 
There are two methods of refresh: concentrated and 
deconcentrated refresh. The former gives a concent- 
rated 128-cycle or 250-cycle refresh after operating 
the memory for a period of 2ms or 4ms maximum. 
In contrast, the latter repeats a refresh cycle every 
16jus following the initial 16jus (=2ms/128 or = 
4ms/256) memory operation. A choice between the 
two modes calls for a careful consideration about 
the system's efficiency. 

4. Operating Current of Dynamic RAMs 

Fig. 2 shows the waveforms of the current applied 
in various operating modes. The mean operating 
current in each mode equals the value obtained by 
dividing the integrated result of each waveform by 
the cycle time. The first peak current in each ope- 
rating mode appears as a result of the circuit opera- 
tion during the memory access time. On the other 
hand, the peak current during standby appear as a 
result of the precharging operation in each circuit. 
Having two circuitry operation modes -X and Y. 
Dynamic RAMs show different peak currents de- 
pending upon the operating timing of RAS and 
CAS. That is, the greatest peak current appears 
when both X and Y circuits operate simultaneously. 
The current consumed while the memory stands by 
on the board is expressed in terms of the cycle time 
dependency shown in Fig. 3. 
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-Application of Dynamic RAMs 
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Fig. 2 Power supply voltage Wave form 
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Fig. 3 Cycle time dependence of RAS only 
refresh current 



5. Noise 

Broadly, noise can be classified into power source 
noise and input signal noise. The power source 
noise can be further classed into low-frequency 
noise and high-frequency noise as shown in Fig. 4. 
To assure a stable memory operation, the peak-to- 
peak power supply voltage in the presence of low- 
or high-frequency noise should be held below 10 
percent of its standard level. To prevent the power 
source noise, it is recommended to provide a con- 
denser of 0.1 juF or so to each one or two devices. 
Input signal noise can be classified overshoot or 
undershoot. The undershoot should be held below 
the highest input level specified. To prevent input- 
undershoot-induced parasitic transistor effects, a 
-5V V BB is provided to the three-way power source 
or a built-in V BB bias circuit is included on chip. 
Normally, design should be such that fhe input 
undershoot does not exceed the minimum value 
specified for V, L , at worst. Overshoot and under- 
shoot can be reduced by inserting a damping resist- 
ance of several tens of ohms in Dynamic RAM 
series. 



High-frequency noise 

Not more than 10% of sta 

power supply voltage 



~-l 



Low-frequency noise 

Not more than 10% of standard power 

supply voltage 

Total of low-and high-frequency 

Not more than +10% of standard powe 

supply voltage 



Fig. 4 Power source noise 
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1. PROGRAMMING & ERASING OF EPROM 



1.1 Programming 

Data is programmed into the memory cell of an 
EPROM by applying a high voltage to its drain and 
gate (Fig. 1 and 2). The high voltage at the drain 
increases the energy of the electrons in the channel 
area. When the energy becomes high enough, the 
electrons become what are known as "hot elec- 
trons" that are capable of jumping across the oxide 
film. Pulled by the high voltage at the gate, the hot 
electrons are admitted into the floating gate. The 
electric charge entering the floating gate changes the 
threshold voltage in the memory element, whereby 
it is stored as new information. When reading out, 
voltage is applied as shown in Fig. 3, and "1" and 
"0" are identified by checking whether or not 
current flows. Since the drain voltage for read-out 
is set at about 3V, no erroneous writing takes place. 
When shipped, all bits of the EPROM are held at 
logic "1" with all electric charge released (with no 
data in). In changing the logic 1 to logic through 
the application of the specified waveform and volt- 
age, the necessary information is programmed in. 
The higher the V pp voltage and the longer the 
program pulse width t pW , the more the quantity of 
electrons can be programmed in, as shown in Fig. 4. 
If the Vpp exceeds the rated value, such as by over- 
shoot, the p-n junction of the memory may yield to 
permanent breakdown. To avoid this, check V pp 
overshoot by the PROM programmer. Also, check 
negative-voltage-induced noise at other terminals, 
which can create a parasitic transistor effect and 
appearently reduce the yield voltage. Hitachi's 
EPROMs are usually capable of being written and 
erased more than 100 times. 



Logic *1* Logic *0* 
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Fig. 1 Memory transistor 
circuit symbols 



Fig. 2 Cross section of 
memory transistor 




Fig. 3 Reading out stored information 
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Fig. 4 Typical Programming Characteristics 
of EPROMs. 
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1.2 Erasing 

Data strored in the EPROM is erased by releasing 
the electric charge from the floating gate through 
the exposure of the memory chip to ultraviolet 
light. Light has an energy that is inversely propor- 
tional to its wavelength. Receiving the energy of 
the ultraviolet light, the electrons in the floating 
gate are again turned into hot electrons, which jump 
across the oxide film into the control gate or sub- 
strate. As a result of this process, the stored 
information is, erased. Accordingly, the stored 
information can not be erased by such lights whose 
wavelengths are too long to give adequate energy to 
jump over the barrier of the oxide film. For 
successful erasing, the wavelength and minimum 
exposure rate of ultraviolet light are specified as 
2,537A and 15W sec/cm 2 respectively. This condi- 
tion is attained by exposing a device to an ultra- 
violet lamp of 1 2,000juW/cm 2 1.2 ~ 3cm away for 
approximately 20 minutes. The ultraviolet light 
transmission rate of the transparent lid is about 70 
percent. Any contamination or foreign material 
at the surface of the capsule lowers the transmission 
rate, prolonging the erasing time. So such contami- 
nation should be recovered by use of alcohol or 
other solvent that does not damage the package. 
Fig. 5 shows typical erasure characteristics for 
EPROM. 
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Fig. 5 Typical Erasing Characteristics 

1.3 Data retention characteristic of EPROM 

As a result of writing in, approximately 0.5 to 2.0 
x 10" 13 coulomb of electrons are accumulated at 
the floating gate. With the elapse of time, however, 
these electrons decrease, as a result of which the 
inversion of stored information can happen. The 
mechanism of electron dissipation is generally 
explained as follow: 



Programming & Erasing of EPROMs 

(1 ) Data dissipation by heat 

The accumulation of electrons at the floating 
gate is an unbalanced state, so the dissipation of 
thermally excited electron is unavoidable. 
Therefore, the data retention time has a close 
relationship with temperature. Fig. 6 shows 
typical data retention characteristics. The data 
retention time is proportional to the reciprocal 
of absolute temperature. 

(2) Data dissipation by ultraviolet light 
Ultraviolet rays at a wavelength of not greater 
than 3,000 ~ 4,000A is capable of releasing the 
electric charge stored in the memory of the 
EPROM with varying efficiencies. Fluorescent 
light and sunlight contain some ultraviolet rays, 
so prolonged exposure to these lights can cause 
data corruption as a result of electric charge 
dissipation. Fig. 7 shows examples of the data 
retention time under an ultraviolet eraser, 
sunlight and fluorescent lighting. But it should 
be noted that the data for fluorescent light and 
sunlight are not definite because of their- vary- 
ing ultraviolet ray contents. The ultraviolet ray 
content in sunlight, for example, varies greatly 
with seasons, weather and the composition of 
the atmosphere. 






Fig. 6 



Storage Temperature (X.) 

Typical Data Retention Characteristics 





10« 


. 40W Fluorescent Lamp 
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> 
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UJ 


10' 






10 

1 
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3 4 5 6 7 
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Fig. 7 EPROMs data retention time 
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(3) Data dissipation by voltage 

This type of data dissipation occurs while infor- 
mation is being written in. At other memory 
cells lying on the same word line or data line as 
the memory cell being programmed, high 
voltage can cause the dissipation of stored 
electric charge. Of course, such defects are 
removed at the factory by pre-shipment inspec- 
tion. The programming voltage and pulse width 
should be always kept within the specified 
range for the same reason. 

1.4 Application of OTPROM 

One time electrically programmable ROM 
(OTPROM) has two kinds of packages: standard 
Dual In-line Package (DIP) and Small Outline Pack- 
age (SOP). And it features only one time pro- 
gramming because it has no window through which 
ultraviolet light exposes; testings of programming 
and erasure cannot be performed after assembled. 
So, in Hitachi, we perform screening test for pro- 
gramming, access time, and data retention on wafers 
at proving test. 

However, defects rarely occurred in assembly 
process cannot be completely removed in final test 
screening which can perform only reading test. 

Therefore, we would recommend users to per- 
form high temperature baking after programming 
devices in order to ensure high reliability so as not 
to be inferior to EPROMs. 

Detailed conditions and procedures for the screen- 
ing are shown in the right. First, please program 
and verify devices by programmer, then, leave them 
without bias at 125 to 150°C for 24 to 48 hours. 
After that, please ensure the function of reading-out 
and remove the data retention failures. 
From the results of devices in which the recom- 
mended screening test is properly performed, we 
would confirm that the data retention charac- 
teristics of OTPROMs are equal to general EPROMs. 



Proving (1) 



Wafer 
Baking 



Proving (2) 



Programming, 
Reading-out 



Data 
Retention 



Program and 

Verify 

by Programmer 



Baking at 

125 to 150 C 

for 24 to 48 hrs 



Ensuring 
Read-out 



Mounting 



Wafer Screening 



Recommended 
Screening conditions 

1.5 EPROM Programmer 

The 16K EPROM Programmer stores the program in 
its internal RAM and writes the program in the 
EPROM. For this programming, the minimum of 3 
functions are necessary: blank check function prior 
to programming, programming function and the 
verify function after programming. As shown in the 
right chart, there are another programmers provided 
with a reverse insertion checking function or pin 
contact checking function prior to the blank check. 
The outline of each block is as follows. 

(a) Pin contact check 

In the connection test of the ROM pin and the 
socket, normally checking is performed by 
detecting the forward current of each EPROM 
pin. Care is necessary as this forward biased 
resistance differs according to products of each 
company. 

(b) Reverse insertion check 

This check detects the reverse insertion of the 
device, places the equipment in reset mode and 
protects the device and equipment. 

(c) Blank check 

This check is performed before programming 
and checks whether or not it is an erased 
EPROM, or for preventing EPROM repro- 
gramming. Since the output data in the erased 
condition are "1" (high level), check whether 
or not data in EPROM are all "1". It will fail- 
stop even when 1 bit is "0" (low level). Nor- 
mally, it is designed to provide warning with a 
lamp or buzzer. 

(d) Programming 

The tunction of programming the data in the 
internal RAM of the programmer into EPROM 
and will fail-stop when programming cannot be 
made. The normal flow is as shown below. The 
EPROM data will be read out prior to pro- 
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gramming and compared with programming 
data. If they coincide, programming wilt be 
skipped and if they differ, programming will be 
performed. Then, read out will be made again 
and compared with the programming data, and 
if they coincide, it will progress to the next 
address. 



< Check Pin Conuct N > 




(e) Verify 

This function is for checking after programming 
completion whether or not the programming is 
correct when comparing with the data in the 
internal RAM of the programmer and it per- 
formes fail-stop when it does not coincide. 
Normally, when it fails, together with lighting 
of the fail lamp, the address and data are 
displayed. 




(f) How to input the program 

There are the following methods for inputting 
the program data to the internal RAM of the 
programmer. Normally, paper tape input and 
teletypewriter input are options. 



Method 


Content 


Copy input 


Input by copying the master ROM. 


Manual input 


Input by the keyswitch of the front 
panel. Used for correction or 
revision of program 


Paper tape input 


Read the paper tape furnished 
from the host system with the 
tape reader 


Teletypewriter 
input 


Input with the teletypewriter. 
Preparation, correction and list 
preparation of the program can be 
made. 



1.6 Maker Identifier Code 

Programming condition of EPROM is various 
according to EPROM manufacturers and device 
types. It may cause miss operation. To counter- 
measure it, some EPROMs provide maker identifier 
code. Users can write EPROM by reading out write 
condition coded before shipped. Some commercial 
programmers set write condition by recognizing this 
code. This function enables effective program. 
Following programming condition is; (D program 
voltage, (2) program timing, (3) high speed pro- 
gramming algorithm, ® pin configuration. EPROM 
has maker identifier code area besides memory 
access area, as shown in Fig. 2.32. 
Table 2.7 describes how to utilize maker identifier 
code. Setting A9 at 12V and A1 - A8, A10 - A13 
at V IL access to maker identifier code area and O 
— 7 output programming condition code with V, L 
or V IH of A . 



Address t=^>t^ 




3~ Maker Identifier 
Area 



—J- Data Access 
Area 



_ .1 1 1 1 I I 1 II ^ 

Din c= ai/0 Control Circui t^>Dout 



Fig. 2.32 



Table 2.7 
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A„ 





0. 


Os 


0. 


0. 


0- 


0, 


0„ 


Hex Data 


Maker 
code 


Hitachi 


V,, 

















1 


1 


1 


7 


R 


HN27128A 
















1 


1 


'0 


1 


I) 





HN27256 







T> 



















1 


M 


HN27C256 


V,* 


1 





1 
















3 


Code 


HN27512 


1 













1 








9 4 




HN27C101 










1 




•1 











3 8 




HN27C301 




1 





1 




1 








1 


B 9 
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1.7 Handling EPROM 

Contact with a charged human body or rubbed with 
plastics or dry cloth, the glass window of an 
EPROM generates static electricity which causes de- 
vice malfunctions. Typical malfunctions are faulty 
blanking and write marging setting that give a wrong 
imperssion that information has been correctly 
written in. As already reported at the international 
conferences concerning the reliability of LSI chips, 
this is due to the prolonged retention of electric 
charge (resulting from the static electricity) on the 
glass window. Such malfunctions can be eliminated 
by neutralizing the charges through the eradiation 
of ultraviolet rays for a short time. It is recom- 
mended to execute reprogramming after this eradia- 
tion since it reduces the electric charges in the 
floating gate, too. The basic countermeasure is to 
prevent the charging of the window, which can be 
achieved by the following methods as in the preven- 
tion of common static breakdown of ICs. 

(1) Ground operator to handle EPROM. Avoid the 
use of things such as gloves that may generate 
static electricity. 

(2) Refrain from rubbing the glass window with 
plastics or other materials that may generate 
static electricity. 

(3) Avoid the use of coolant sprays which contain 
some ions. 

(4) Use shielding labels (especially those containing 
conductive substances) that can evenly distri- 
bute the established charge. 



1.8 Shielding label 

When using an EPROM in an environment where 
ultraviolet exposure can occur, it is advisable to put 
a shielding label on its glass window to absorb ultra- 
violet light. Specially prepared shielding labels are 
marketed. Metal-loaded labels are particularly effec- 
tive. In choosing a shielding label, the following 
points should be carefully checked. 

(1) Adhesiveness (mechanical strength) 

Avoid repeated attaching and dusting that may 
reduce the adhesive strength. Ultraviolet eras- 
ing and reprogramming are recommended after 
stripping off an attached label. (When the need 
arises to change a label, it is advisable to put a 
new one on the old one since peeling may de- 
velop a static charge.) 

(2) Temperature range 

Use the shielding label in an environment whose 
temperature falls within the specified allowable 
temperature range. Beyond the specified tem- 
perature range, the paste on the label may 
harden or stick too fast. When it hardens, the 
label may be peeled off easily. When it sticks 
too fast, the paste may remain on the window 
glass even after the label has been removed. 

(3) Damp-proofness 

Use the shielding label in an environment whose 
humidity falls within the specified allowable 
humidity range. Today there are few shielding 
labels that can meet all environmental require- 
ments established for the EPROM. So a 
suitable one must be chosen for each specific 
application. 
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I MASK ROM PROGRAMMING INSTRUCTION 



The writing of the custom program code into mask 
ROMs is performed by the CAD system, using a 
large-sized computer. ROM code data should con- 
form to specifications given below, using either 
paper tape, EPROM, or magnetic tape. Additional 
instructions, such as chip select and customers' part 
number, should be given in the "ROM Specification 
Identification Sheet". 



2.4 Data Mode 

2.4.1 HMCS6800 Load Module Mode 

This mode is the object mode output from the 

assembler of HMCS6800. 

(1) Divide the 8 bit code into the upper and lower 

4 bit codes, and convert each into hexadecimal 

notation. 
(Example) The code of 1100 0110 is as follows 
under binary notation. 



I 



1. Specification of EPROM 

(1) Submit the three sets of the EPROM stored 
Data. Specify the address of the EPROM in the 
case of two or four EPROMs. 

(2) The ROM Code data is input from the start 
address to Final Address in the EPROM. 

(3) Type of EPROM 

HN482764 (8K-wordx 8-bit, 2764 Compatible) 

HN4827128 (16-K word x 8-bit, 27128 Com- 
patible) 

HN27256 (32K-word x 8-bit, 27256 Com- 
patible) 

HN27C256 (32K-word x 8-bit, 27C256 Com- 
patible) 

2. Specification of Magnetic Tape 

2.1 Use the following type of magnetic type which 

can be entered in a magnetic tape device compatible 
with the IBM magnetic tape device. 

(1 ) Length .... 2,400 feet, 1 ,200 feet or 600 feet 

(2) Width 1/2 inch 

(3) Channel 9 channels 

(4) Bit density ... 800 BPI or 1,600 BPI (Clear- 

ly state which it is in the 
"ROM Specification Inden- 
tification Sheet".) 

2.2 Use the EBCDIC code as the use code. 

2.3 Follow the format of the magnetic tape as de- 
scribed below 

(1 ) No leading tape mark 

(2) No label 

(3) Record size 80 byte/1 record 

(4) Block size 10 records/1 block 

(5) The end of the file should be indicated by 2 
successive tape marks (TM). 



(Upper 4 bits) (Lower 4 bits) Bit weight 
D 7 D 6 D 5 D 4 D 3 D 2 Dj D (ROM output 
110 110 equivalence) 

(2) The actual load module mode is shown as fol- 
lows: 



Header 
record 



Record Start 
Record Type 



Address Size 


Data 


Data 


Data 


Check 


Sum 



5 3 


S 


3 1 


I 


3 1 
3 6 


1 6 


3 I 
3 1 
3 
3 


1100 


3 9 
3 8 


9 8 


3 
3 2 


2 






4 1 
3 8 


A8(Che 



IB (Check Sum) 



End of 
file record 



5 3 


S 


3 9 


9 


3 
3 3 


3 


3 
3 
3 
3 


0000 


4 6 
4 3 


r r ( Check 
^ Sum) 



B 



T 


Block 1 


Block 2 


Block 3 




T 
M 


T 
M 




E 


T 
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SO indicates the head of the file and S9 indicates the 
end of the file. The actual data enters following SI. 
It means that the data starts from the address 
(hexadecimal) indicated in the address size. The 
address of the address size of the data recorder is 



compared with the next data recorder address by 
counting in increments of 1 byte of the data and 
checking whether it is sequential or not. The printed 
example of the HMCS6800 load module mode is as 
shown below. 



Example 



Header Record -S00B000058204558414D504CB5 

Data Record -SI 13F0007EF5587EF7897EFAA77EF9C07EF9C47E24 

Data Record -SI 12F010FA657EFA8B7EFAA0 7EF9DC7EFA247E06 

End of 

File Record ->S9030000FC 



(3) In case the address is skipped, perform entry 
into the "ROM Specification Identification 
Sheet" that the skipped address, and the data 
(00 or FF) entered into the skipped address by 
hexadecimal notation. 

2.4.2 BNPF Mode 

(1) One word is symbolized by the word start 
mark B, the bit content represented by 8 char- 
acters of P and N, and the BNPF slice com- 
posed of successive 10 characters of the work 
end mark F. 

(2) The contents from F of one BNPF slice up to 
B of the next BNPF slice are ignored. 
(Example) The code of AA by hexadecimal 

notation is symbolized as shown 
below. 

(3) It is necessary to designate the bit pattern 
(BNPF slice) on all ROM addresses. Therefore, 
the term of the ROM head address of "ROM 
Specification Identification Sheet" always be- 
comes 0. 

B Indicates start of 1 word. 

N Indicates "0" of 1 bit data. 

P Indicates "1" of 1 bit data. 

F Indicates end or 1 word. 



Example 



3. Specification of Floppy Disk 

3.1 Use the following type of Floppy Disk 

(1) Type . 8 Inch Single Sided and Single Density. 

(2) Number of Sector 26 

(3) Number of Track 77 



Sector 03 




3.2 Use the EBCDIC code as the use code. 

3.3 Make the format of the floppy disk as des- 
cribed below. 

(1) Composition 



No. 


Item 


Location 


Track 


Sector 


1 


Standard Volume Label 


00 


07 


2 


Standard Head Label 


00 


08-26 


3 


Data Area 


01-73 


01 -26 


4 


Alternal Track 


75,76 


01 -26 


5 


Spare Track 


00 

74 


01-06 
01 -26 
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Mask ROM Programming Instruction 



(2) Record size 80 byte/1 record 

(3) Use the sector as below. Use one sector for one 
record, that is 80 bytes out of 128 bytes used 
for one record. 



3.4 Data Mode 

See 2.4 















1 Track 
















Sector 1 


Sector 2 


Sector 3 




Sector 24 


Sector 25 Sector 26 


(128 bytes) 


(128 bytes) 


(128 bytes) 




(128 bytes) 


(128 bytes) |" (128 bytes) 


Record 1 
(80 bytes) 




Record 2 
(80 bytes) 


/ 


Record 3 
(80 bytes) 




\ 




Record 24 
(80 bytes) 


1, 


Record 25 
(80 bytes) 


^ 
'^ 


Record 26 
(80 bytes) 


1, 



Mask ROM Development Flowchart 

Customer 



Hutchi 



ROM 
Code 
List 





5>upply 
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HM6148HP Series — 

1024-word x 4-bit High Speed Static CMOS RAM 

■ FEATURES 

• Fast Access Time 45/55ns (max) 

• Low Power Standby and Low Power Operation; 
Standby: 100 /iW (typ.), Operation: 175mW(typ.) 

• Single 5V Supply 

• Completely Static RAM: No Clock or Timing Strobe Required 

• No Peak Power-On Current 

• No Change of t ACS with Short Deselected Time 

• Equal Access and Cycle Times 

• Directly TTL Compatible; All Inputs and Outputs 

• Common Data Input and Output; Three-State Outputs 

• Pin-Out Compatible with Intel 2148H 

■ BLOCK DIAGRAM 




I ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Ratings 


Unit 


Terminal Voltage* 


Vt 


-0.5 to +7.0 


V 


Power Dissipation 


Pt 


1.0 


w 


Operating Temperature 


T.„ 


to +70 


*c 


Storage Temperature 


T.„ 


-55 to +125 


•c 


Storage Temperature •• 


r»,„ 


-10 to +85 


'C 



* with respect to GND V, Lm ,. --3.5V (Pulse width-20ns) 

* * under bias 




| PIN ARRANGEMENT 




(Top View ) 



■ TRUTH TABLE 










cs" 


WE 


Mode 


Vcc Current 


I/O Pin 


Reference Cycle 


H 


X 


Not selected 


I SB, hat 


High Z 




L 


H 


Read 


Ice 


Dout 


Read Cycle 1, 2 


L 


L 


Write 


Ice 


Din 


Write Cycle 1, 2 
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I RECOMMENDED DC OPERATING CONDITIONS (Ta-0 to +70'C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


i 

4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


V,H 


2.2 


- 


6.0 


V 


VlL 


-0.5* 


- 


0.8 


V 



* -3.0V (Pulse width 20ns) 



IDC AND OPERATING CHARACTERISTICS^ ] (7a=0~70°C t V cc = 5V±10%,GND = OV) 



Parameter 


Symbol 


Test Conditions 


min 


typ* 


max 


Unit 


Input Leakage Current 


\Iu\ 


Vcc - max, V,„- GND to Vcc 


- 


- 


2.0 


M 


Output Leakage Current 


\ho\ 


C~S"-V, W , V,,o-GND to Vcc 


- 


- 


2.0 


M 


Operating Power Supply Current ll) 


Ice 


CS~-V}i.,/,/ O -0mA 


- 


35 


80 


mA 


Operating Power Supply Current (2) 


lev 


min. cycle, CS— Vu, h/o — 0mA 


- 


50 


100 


mA 


Standby Power Supply Current ll) 


ISB 


C5-v,» 


- 


5 


20 


mA 


Standby Power Supply Current(2) 


/sBl 


C~S~^ Vcc -0.2V, V,*£0.2V or 
V, w ^ Vcc -0.2V 


- 


20 


800 


M 


Output Low Voltage 


Vol 


7oi.-8mA 


- 


- 


0.4 


V 


Output High Voltage 


Voh 


/oh- -4.0mA 


2.4 


- 


- 


V 



I 



* Typical limits are at Vcc-S 0V. r<i- + 25'C and specified loading 

■ CAPACITANCE (Ta = 25°C, /=lMHz) 



Item 


Symbol 


Test Conditions 


typ 


max 


Unit 


Input Capacitance 


C„ 


v„-ov 


- 


5 


pF 


Input /Output Capacitance 


Cl.O 


V/.o-OV 


- 


7 


pF 



Note) This parameter is sampled and not 100% tested 



■ AC CHARACTERISTICS (Vo 
• RISE/FALL TIME 



= 5V±10%, Ta = to +70°C) 



Item 


Symbol 


mm 


typ 


max 


Unit 


Input Rise Time 


/, 


- 


5 


100 


ns 


Input Fall Time 


li 


- 


5 


100 


ns 



>AC TEST CONDITIONS 

Input pulse levels : GND to 3.0V 

Input rise and fall times : 5ns 

Input and Output timing reference levels : 

Output load : See Figure 



1.5V 



TTT 

put Load • 



* Including scope & jig 



TTT 



Outpul 
(for I hi. 



A 



\ M ", 



\ 



Input Pulse Wavefor 
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HM6148HP Series 



■AC CHARACTERISTICS (Ta-0 to 70'C, Vcc»5V±10%, unless otherwise noted.) 
• READ CYCLE 



Item 


Symbol 


HM6148HP-45 


HM6148HP-55 


Unit 


min 


max 


min 


max 


Read Cycle Time 


i«c 


45 


- 


55 


- 


ns 


Address Access Time 


Iaa 


- 


45 


- 


55 


ns 


Chip Select Access Time 


Iacs 


- 


45 


- 


55 


ns 


Output Hold from Address Change 


t0H 


5 


- 


5 


- 


ns 


Chip Selection to Output in Low Z 


tL2* 


10 


- 


10 


- 


ns 


Chip Deselection to Output in High Z 


tHZ* 





20 





20 


ns 


Chip Selection to Power Up Time 


tpv 





- 





- 


ns 


Chip Deselection to Power Down Time 


tpD 


- 


30 


- 


30 


ns 



* Transition is measured ±S00mV from steady state voltage with Load(B). 
At any temperature and voltage condition t*z max is less than U* mm. 



This parameter is sampled and not 100% tested. 



• TIMING WAVEFORM OF READ CYCLE NO.1 



(0(2) 



)C 



A X X X D»t, Va 



X 



X 



• TIMING WAVEFORM OF READ CYCLE NO. 2 



(1X3) 



Vcc supply 
current 



\ 



!■■ 



axx 



/ 



/ II. Kh 



^v 



Notes) 1 . WE is High for Read Cycle. 

2. Device is continuously selected, CS—Vil. 

3. Address Valid prior to or coincident with CS transition Low, 
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HM6148HP Series 



• WRITE CYCLE 



Item 


Symbol 


HM6148HP-45 


HM6148HP-55 


Unit 


min 


max 


min 


max 


Write Cycle Time 


twc 


45 


- 


55 


- 


ns 


Chip Selection to End of Write 


tew 


40 


- 


50 


- 


ns 


Address Valid to End of Write 


tAW 


40 


- 


50 


- 


ns 


Address Setup Time 


t/iS 





- 





- 


ns 


Write Pulse Width 


twp 


35 


- 


40 


- 


ns 


Write Recovery Time 


tWR 


5 


- 


5 


- 


ns 


Data Valid to End of Write 


tow 


20 


- 


20 


- 


ns 


Data Hold Time 


Idh 





- 





- 


ns 


Write Enabled to Output in High Z* 


tW7 





15 





20 


ns 


Output Active from End of Write* 


tow 





- 





- 


ns 



♦ Transition is measured ±500mV from steady state voltage with Load i 
This parameter is sampled and not 100% tested. 



• TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE Controlled) 



I 



Addrei 



We 



ztZZZZ 



*s^ 



Dm 



13J 
-nrz-J 



-olcz 



-«a_ 



?<~ 



zzz 






• TIMING WAVEFORM OF WRITE CYCLE N0.2 (CS Controlled) 



V 



\\\\N\\\ 



y 



d- XXXXXXXXXYxV 



•nw (2)- 

X////A 



>KZXSSEZ 



zzz 



NOTES of Timing Waveform of Write 

1. A write occurs during the overlap of a low CS and a low WE. (twt) 

2. <»« is measured from the earlier of CS or WE going high to the end of write cycle. 

3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 

4. If the C5 low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain 
in a high impedance state. 

5. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to the outputs 
must not be applied to them. 

6. Dout is the same phase of write data of this 
write cycle. 
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HM6148HP Series - 



SUPPLY CURRENT VS. SUPPLY VOLTAGE 



o 08 

■a 









Ta =25t 








^ 



































SUPPLY CURRENT VS. AMBIENT TEMPERATURE 









Vcc=S0V 











































Supply Voltase Vcc (V) 



20 40 60 80 

Xmbient Temperature Ta ( TM 



ACCESS TIME VS. SUPPLY VOLTAGE 



E n 



ACCESS TIME VS. AMBIENT TEMPERATURE 









Tn = 25lC 

















































l«=S0V 








^. 



































Supplv Voltage lu (V) 



\mbient Temperature Tu I °C > 



ACCESS TIME VS. LOAD CAPACITANCE 



SUPPLY CURRENT VS. FREQUENCY 



18 








S 


I 

1 14 
7 


















i 

i io 

08 
06 





































s 








































/ 


/ 





















Load Capacitance ( ( (pF^ 



10 !-i 

Froquono / IMH/I 
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HM6148HP Series 



INPUT LOW VOLTAGE VS. SUPPLY VOLTAGE INPUT HIGH VOLTAGE VS. SUPPLY VOLTAGE 



i 09 

5 









Ta =25t 











































"I 0< 









Ta = 25t 











































Supplv Voltage Vcc W 



Supplv Vnlia«e lrr (V) 



OUTPUT CURRENT VS. OUTPUT VOLTAGE 



OUTPUT CURRENT VS. OUTPUT VOLTAGE 



\ 






Ta = 25t 
I'rr^V 


} 















































7Vi = 2VC 
V«=5V 











































Output V oltatfe Voh ( V ) 



Output Voltage Vol (\M 



STANDBY CURRENT VS. AMBIENT TEMPERATURE STANDBY CURRENT VS. SUPPLY VOLTAGE 









CS = 2 8V 























































7 
C 


i=25t 
Ul'rr- 02V 


^ 









Ambient Temperature Ta ( 'C ) 



Supplv Voltage Vcc (V) 
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HM6148HLP Series 



1024- word x 4-bit High Speed Static CMOS RAM 

■ FEATURES 

• Low Power Standby and Low Power Operation; 
Standby :5/iW (typ.), Operation: 175mW (typ.) 

• Fast Access Time: 45/55ns (max) 

• Capability of Battery Back Up Operation 

• Single 5V Supply 

• Completely Static RAM: No Clock or Timing Strobe 
Required 

• No Peak Power-On Current 

• No Change of **cs with Short Deselected Time 

• Equal Access and Cycle Time 

• Directly TTL Compatible: All Inputs and Outputs 

• Three State Output 

• Pin-Out Compatible with Intel 2148H 

■ BLOCK DIAGRAM 





I PIN ARRANGEMENT 




(Top View) 



I ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Ratings 


Unit 


Terminal Voltage * 


Vt 


-0.5 to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


T.,r 


to +70 


# C 


Storage Temperature 


T. tt 


-55 to +125 


*C 


Storage Temperature ** 


7*»... 


-10 to +85 


*C 



* with respect to GND. 

♦ * under bias. 



-3.5V (Pulse wBdth-20ns) 



I TRUTH TABLE 



c~s~ 


We 


Mode 


Vcc Current 


I/O Pin 


Reference Cycle 


H 


X 


Not selected 


I SB, ISBI 


High Z 




L 


H 


Read 


Ice 


Dout 


Read Cycle 1, 2 


L 


L 


Write 


Ice 


Din 


Write Cycle 1, 2 
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HM6148HLP Series 



I RECOMMENDED DC OPERATING CONDITIONS (Ta-0 to + 70*C) 



Item 


Symbol 


mm 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


V,H 


2.2 


- 


6.0 


V 


VlL 


-0.5* 


- 


0.8 


V 



* -3 0V (Pulse width 20ns) 



■ DC AND OPERATING CHARACTERISTICS ( Ta=0 to +70°C, V r cc = 5V±10%,GND= 


=0V) 


Parameter 


Symbol 


Test Conditions 


min 


typ* 


max 


Unit 


Input Leakage Current 


l/ul 


Vcc-max t V.„-GND to Vcc 


- 


- 


2.0 


M 


Output Leakage Current 


\ho\ 


<£5-V lH . V, /0 -GND to Vcc 


- 


- 


2.0 


M 


Operating Power Supply Current (1) 


Ice 


C"S~-V/t.///o-0mA 


- 


35 


80 


RlA 


Operating Power Supply Current (2) 


lea 


min. cycle, CT>— V/z., //•o—OmA 


- 


50 


100 


mA 


Standby Power Supply Current (1) 


ISB 


C~S~-V„, 


- 


5 


20 


mA 


Standby Power Supply Current (2) 


ISBI 


CS~£V C c-0.2V, V, W SS0.2V or 
V IN 2Vcc~0.2V 


- 


1 


50 


M 


Output Low Voltage 


Vol 


Jot — 8mA 


- 


- 


0.4 


V 


Output High Voltage 


Voh 


Ioh 4.0mA 


2.4 


- 


- 


V 



I 



* Typical limits are at Vcc-5 0V. Ta- +2h'C and specified loading 



■ CAPACITANCE (Ta = 25 °C, /-1MHz) 












Item 


Symbol 


Test Conditions 


typ 


max 


Unit 


Input Capacitance 


C„ 


V..-0V 


- 


5 


PF 


Input /Output Capacitance 


Co 


V/, o -0V 


- 


7 


PF 



Note) This parameter is sampled and not 100% tested. 

■ AC CHARACTERISTICS (Vcc = 5V±10%, 7a = to +70 °C) 
• RISE/FALL TIME 



Item 


Symbol 


min 


typ 


max 


Unit 


Input Rise Time 


tr 


- 


5 


100 


ns 


Input Fall Time 


h 


- 


5 


100 


ns 



• AC TEST CONDITIONS 

Input pulse levels : GND to 3.0V 
Input rise and fall times : 5ns 
Input and Output timing reference levels : 
Output load : See Figure 



1.5V 




777" 

Output Load I / 



Dout 
_'55U 



777" 



Output Load (B) 
(for tni,ti.z.twi % tow) 



OU 70 

\ 20% 



*.-*/-5n» 

Input Pulse Waveform 



* Including scope A jig 
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HM6148HLP Series - 



■AC CHARACTERISTICS (Ta-0 to + 70°C, Vbc-5V±10%, unless otherwise noted.) 
• READ CYCLE 



Item 


Symbol 


HM6148HLP-45 


HM6148HLP-55 


Unit 


min 


max 


min 


max 


Read Cycle Time 


*AC 


45 


- 


55 


- 


ns 


Address Aecess Time 


tAA 


- 


45 


- 


55 


ns 


Chip Select Access Time 


tACS 


- 


45 


- 


55 


ns 


Output Hold from Address Change 


ton 


5 


- 


5 


- 


ns 


Chip Selection to Output in Low Z 


tLZ* 


10 


- 


10 


- 


ns 


Chip Deselection to Output in High Z 


t*Z* 





20 





20 


ns 


Chip Selection to Power Up Time 


tpu 





- 





- 


ns 


Chip Deselection to Power Down Time 


tpD 


- 


30 


- 


30 


ns 



* Transition is measured ±500nV from steady state voltage with Load(B). This parameter is sampled and not 100% tested. 
At any temperature and voltage condition t«i max is less than In min. 



• TIMING WAVEFORM OF READ CYCLE NO.1 



(1)(2) 



)C 



)CX33( 



K 



)d 



• TIMING WAVEFORM OF READ CYCLE NO. 2 



(0(3) 



\ 



r- 



axx 



;~ 



High 
Impedance 



\! 



Notes) 1 . WE is High for Read Cycle _ 

2. Device is continuously selected. CS- Vu. 

3. Address Valid prior to or coincident with CS transition Low 
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HM6148HLP Series 



• WRITE CYCLE 



Item 


Symbol 


HM6148HLP-45 


HM6148HLP-55 


Unit 


min 


max 


mm 


max 


Write Cycle Time 


twc 


45 


- 


55 


- 


ns 


Chip Selection to End of Write 


tew 


40 


- 


50 


- 


ns 


Address Valid to End of Write 


tm 


40 


- 


50 


- 


ns 


Address Setup Time 


tAS 





- 





- 


ns 


Write Pulse Width 


twp 


35 


- 


40 


- 


ns 


Write Recovery Time 


twH 


5 


- 


5 


- 


ns 


Data Valid to End of Write 


tow 


20 


- 


20 


- 


ns 


Data Hold Time 


tern 





- 





- 


ns 


Write Enabled to Output in High Z* 


tw7 





15 





20 


ns 


Output Active from End of Write* 


tow 





- 





- 


ns 



* Transition is measured ± 500mV from steady state voltage with Load B. 
This parameter is sampled and not 100% tested. 



• TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE Controlled) 



I 



xszi 



zdZZZZZZZ. 



'SSl 



><~ 



13J 

<<<<<<<< i 



-<x>lez 



5fe>- 



16). 



• TIMING WAVEFORM OF WRITE CYCLE N0.2 (CS Controlled) 



^S_ 



J 



d.. XXXXXXXXXX 



2£7|v_ 



,ZZZZ2 



y&x&ixxx 



Dout 



High Impedance 14 



zzz 



Notes of Tmmg Waveform of Write 

1. A write occurs during the overlap of a low £5" a nd a low WE. (»»*•) 

2 twit is measured from the earlier of £2> or WE going high to the end of write cycle. 

3. During this period. I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 

4 If the C5 bw transition occurs simultaneously with the WE low transition or after the WE" transition, the output buffers remain m a high anpedance state. 

5. If U5> b bw during this period, I/O pins are in the output state Then the data input signals of opposite phase to the outputs must not be applied to them. 

6. Dout is the same phase of write data of this write cycle. 
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HM6148HLP Series - 



ILOW Vcc DATA RETENTION CHARACTERISTICS (O'C^ Ta^70°C) 



Parameter 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Vcc for Data Retention 


V DR 




2.0 


- 


- 


V 


Data Retention Current 


IcCD* 


CS"£Vbc-0.2V 
K.£Vcc-0.2V or 
0V£V,„£0.2V 


- 


- 


30* 
20** 


M 


Chip Deselect to Data Retention Time 


tCDR 





- 


- 


ns 


Operation Recovery Time 


t* 


f*C<l) 


- 


- 


ns 



Note) 1. tie- Read Cycle Time. 



* K«-3.0V 
** Vcc-2.0V 



• LOW Vcc DATA RETENTION WAVEFORM 




DATA RETENTION MODE 



C$2 Vm -0 2V 
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HM 61 47 HP Series 



4096-word x 1-bit High Speed Static CMOS RAM 

■FEATURES 

• High Speed: Fast Access Time 35ns/45ns/55ns Max. 

• Low Power Standby and Low Power Operation, 
Standby: 10tytWtyp., Operation: 150mWtyp. 
Single 5V Supply and High Density 18 Pin Package 
Completely Static Memory - No Clock nor Timing Strobe 
Required 

No Peak Power— On Current 
No Change of t ACS with Short Chip Deselect Time 
Equal Access and Cycle Time 
Directly TTL Compatible - All Input and Output 

> Separate Data Input and Output: Three State Output 

» Plug-In Replacement with Intel 2147H NMOS STATIC RAM 

IBLOCK DIAGRAM 




I 



IPIN ARRANGEMENT 



-&=■ 



-&= 



Kuw 
Decoder 



3 



Memory Array 
64 i M 



H 



Column Decoder 



TtC p $k : 



$##£ 



Ai A, Aj A. A.. An 



■ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin relative to GND 


Vr 


-3.5*to +7.0 


V 


DC Output Current 


I. 


20 


mA 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


T.,. 


to +70 


*C 


Storage Temperature (under bias) 


T.,.^ 


-10 to +S5 


•c 


Storage Temperature 


T.„ 


-55 to +125 


*c 




(Top View) 



* Pulse Width 20 ns. DC : -0 5 V 
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HM6147HP Series 



■RECOMMENDED DC OPERATING CONDITIONS (0'C£Ta£70'C) 



Parameter 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input High (logi" 1) Voltage 


V,H 


2.0 


3.0 


6.0 


V 


Input Low (logic 0) Voltage 


V IL 


-3.0* 


- 


0.8 


V 



* Pulse Width 20ns. DC : -0.5V 



■DC AND OPERATING CHARACTERISTICS (0C^To^70 o C, V CC -5V±10%, 


GND-0V) 




Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Leakage Current 


l/ul 


Vcc -5.5V, GND to V cc 


- 


- 


10 


M 


Output Leakage Current 


Iliol 


CS-V,„, K.,-0V~Vcc 


- 


- 


10 


pA 


Operating Power Supply Current (1) 


Ice 


CS-Vu, Output open 


- 


30 


80 


mA 


Operating Power Supply Current (2) 


lcc\ 


CS—V/l, Minimum Cycle 


- 


40 


80 


mA 


Standby Power Supply Current (1) 


ISB 


CS-V,„, Vcc-Min to Max 


- 


8 


20 


mA 


Standby Power Supply Current (2) 


ISBX 


CS^Kcc-O^V, 

V,*£0.2V or V IN 2 Vcc -0.2V 


- 


20 


800 


M 


Output Low Voltage 


Vol 


/ot""8mA 


- 


- 


0.40 


V 


Output High Voltage 


Voh 


/oh—— 4mA 


2.4 


- 


- 


V 



Note) 1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet minute. 
2. Typical limits are at Vcc -5.0V. 7o-25*C and specified loading. 



IAC TEST CONDITIONS 

» Input pulse levels: GND to 3.0V 

» Input rise and fall times: 5 ns 

» Input timing reference levels: 1.5V 

9 Output load: See Figure 

» Output timing reference levels: 1.5V (HM6147HP-35) 

0.8 to 2.0V (HM6147HP-45/55) 



Output Load A 



* Including scope & 



777 
jig capacitance 



■CAPACITANCE (Ta-25 # C, /-1.0MHz) 



Output Load B 



V'r< 



l 



Item 


Symbol 


Conditions 


max 


Unit 


Input Capacitance 


C 


V..-0V 


5 


pF 


Output Capacitance 


C, 


V..-0V 


6 


pF 



Note) This parameter is sampled and not 10096 tested. 
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HM6147HP Series 



■ AC CHARACTERISTICS ( Ta »0*C to 70 *C, Kcc-5V±10%, unless otherwise noted.) 
• READ CYCLE 



Parameter 


Symbol 


HM6H7HP-35 


HM6147HP-45 


HM6147HP-55 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


Read Cycle Time 


tRC 


35 


- 


45 


- 


55 


- 


ns 


CD 


Address Access Time 


tAA 


- 


35 


- 


45 


- 


55 


ns 




Chip Select Access Time 


tACS 


- 


35 


- 


45 


- 


55 


ns 




Output Hold from Address Change 


t0H 


5 


- 


5 


- 


5 


- 


ns 




Chip Selection to Output in Low Z 


tLZ 


5 


- 


5 


- 


5 


- 


ns 


(2U3U7) 


Chip Deselection to Output in High Z 


I HZ 





30 





30 





30 


ns 


(2), (3). (7) 


Chip Selection to Power Up Time 


tp V 





- 





- 





- 


ns 




Chip Deselection to Power Down Time 


IPD 


- 


20 


- 


20 


- 


20 


ns 





I 



• TIMING WAVEFORM OF READ CYCLE N0.1 ( 



X 



D«u Out Previous D»U Valid 



)<XX>Z1 



X 



• TIMING WAVEFORM OF READ CYCLE N0.2 ( 



/ 



^XDOE 



Ice Supply 
Current 



J 



y^ 



Notes: 1. All Read Cycle timings are referenced from last valid address to the 
first transitioning address. 

2. At any given temperature and voltage condition, '//Z max. is less than 
*LZ min. both for a given device and from device to device. 

3. Transition is measured ±500mV from steady state voltage with 
specified loading in Load B. 

4. WE is high for READ Cycle. 

5. Device is continuously selected, C5=^/L» 

6. Addresses valid prior to or coincident with (!!5 transition low. 

7. This parameter is sampled and not 100% tested. 



HITACHI 

Hitachi America Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 



(408) 435-8300 



53 



HM6147HP Series 



• WRITE CYCLE 



Parameter 


Symbol 


HM6147HP-35 


HM6147HP-45 


HM6147HP-55 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


Write Cycle Time 


tire 


35 


- 


45 


- 


55 


- 


ns 


(2) 


Chip Selection to End of Write 


tew 


35 


- 


45 


- 


45 


- 


ns 




Address Valid to End of Write 


tAW 


35 


- 


45 


- 


45 


- 


ns 




Address Setup Time 


tAS 





- 





- 





- 


ns 




Write Pulse Width 


twp 


20 


- 


25 


- 


30 


- 


ns 




Write Recovery Time 


twR 





- 





- 





- 


ns 




Data Valid to End of Write 


tm 


20 


- 


25 


- 


25 


- 


ns 




Data Hold Time 


t D H 


10 


- 


10 


- 


10 


- 


ns 




Write Enabled to Output in High Z 


twz 





20 





25 





30 


ns 


(3), (4) 


Output Active from End of Write 


tow 





- 





- 





- 


ns 


(3). C4) 



• TIMING WAVEFORM OF WRITE CYCLE (WE Controlled) 



zx 



3C 



X. 



Z 



\ 



s 



Y 



3( 



Dm Out Dm Undefined 



} 



/ 



X 



c 



• TIMING WAVEFORM OF WRITE CYCLE (CS Controlled) 



Z3( 



X 



7 



www 



fTTT 



fl Huh li 



Note) CS or WE ire High for Address Transition 

Notes: 1. If C5 goes high simultaneously with WE high, the output remains in a high impedance states. 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±$00mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 
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HM6147HP Series 



ACCESS TIME VS. SUPPLY VOLTAGE 



ACCESS TIME VS. AMBIENT TEMPERATURE 



E 11 

4 10 

I 

H 09 









ro = 25'C 











































♦ 75 5 

Supply Voltage Vcc (V) 



25 5 5 



£ 09 









Vcc = 5.0V 














S^' 





























Ambient Temperature Ta CO 



ACCESS TIME VS. LOAD CAPACITANCE 



SUPPLY CURRENT VS. FREQUENCY 



E 14 
3 j 2 

H 10 

































ra = 25*C 
Vcc = MI N 



















2 
1 

9 
8 



15 20 25 30 



Load Capacitance Cl (pF) 



Frequency / ( MHz) 



INPUT LOW VOLTAGE VS. SUPPLY VOLTAGE 



INPUT HIGH VOLTAGE VS. SUPPLY VOLTAGE 



J2 

1 08 

07 









ra = 25*C 











































50 525 

Supply Voltage Vcc (V) 









ro = 25 - C 











































4 75 5 5 25 

Supply Voltage Vcc (V) 
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HM6147HP Series - 



OUTPUT CURRENT VS. OUTPUT VOLTAGE 



i 1.2 





\ 




7b = 25'C 
Vcc=5V 




\ 








\ 








\ 








\ 








\ 






1 2 




4 


5 



OUTPUT CURRENT VS. OUTPUT VOLTAGE 



i 1.2 

I 

f 10 

" 0.8 

1 

06 

































Ta = 25'C 
Vfcc=5V 



















Output Voltage Vow (V) 



Output Voltage Vot (V) 



STANDBY CURRENT VS. AMBIENT TEMPERATURE 



STANDBY CURRENT VS. SUPPLY VOLTAGE 









Vcc=3V 
C5=2 8V 



















1.2 



3 

"f 0.8 

u 
>. 06 







































7o = 25*C 
£5= Vcc -0 2V 











Ambient Temperature Ta CO 



3 4 5 

Supply Voltage Vcc (V) 



STANDBY CURRENT VS. INPUT VOLTAGE 



•2 
.5 2 













Vtc 
CS= 


25'C 
= 5.0V 
4.8V 
































' 












J 











1 2 

Input Voltage V,. (V) 
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HM6147HLP Series 



4096-wordx 1-bit High Speed Static CMOS RAM 

■FEATURES 

• High Speed: Fast Access Time 35ns/45ns/55ns Max. 

• Low Power Standby and Low Power Operation, 
Standby; 5juW typ., Operation: 150mWtyp. 

• Single 5V Supply and High Density 18 Pin Package 

• Completely Static Memory - No Clock nor Timing Strobe 
Required 

• No Peak Power— On Current 

• No Change of t ACS with Short Chip Deselect Time 

• Equal Access and Cycle Time 

• Directly TTL Compatible - All Input and Output 

• Separate Data Input and Output: Three State Output 

• Plug-In Replacement with Intel 2147H NMOS STATIC RAM 

• Capable of Battery Back up Operation 
■BLOCK DIAGRAM 




I 



IPIN ARRANGEMENT 




*"7tO- J ¥¥¥¥¥r 




(Top View) 



Aj A4 As A» Ate An 



I ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin relative to GND 


V T 


-3.5* to +7.0 


V 


DC Output Current 


Io 


20 


mA 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


T.„ 


to +70 


*C 


Storage Temperature (under bias) 


7\,.u,..> 


-10 to +85 


•c 


Storage Temperature 


T.„ 


-55 to +125 


•c 



* Pulse Width 20ns. DC : -0 5V 

■RECOMMENDED DC OPERATING CONDITIONS (0'C£r»£70'C) 



Parameter 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input High (logic 1) Voltage 


v,„ 


2.2 


3.0 


6.0 


V 


Input Low (logic 0) Voltage 


V, L 


-0.5* 


- 


0.8 


V 



-3V (Pulse width £20ns) 
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HM6147HLP Series 



■DC AND OPERATING CHARACTERISTICS «rC£7a£70 l C, V C c-5V±10%, 


GND-OV) 




Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Leakage Current 


l/t/l 


Vcc -5.5 V, GND to Vcc 


- 


- 


10 


M 


Output Leakage Current 


\ho\ 


CS-V,„, V„,-QV-Vcc 


- 


- 


10 


M 


Operating Power Supply Current (1) 


Ice 


CS— Vil, Output open 


- 


30 


80 


mA 


Operating Power Supply Current (2) 


hex 


CS— V/t, Minimum Cycle 


- 


40 


80 


mA 


Standby Power Supply Current (1) 


hB 


CS-K/«, Vcc -Min to Max 


- 


5 


15 


mA 


Standby Power Supply Current (2) 


I S BX 


CS£Vcc-0.2V, 

V/*£0.2V or V/*£V CC -0.2V 


- 


1 


100 


M 


Output Low Voltage 


Vol 


Iol — 8mA 


- 


- 


0.40 


V 


Output High Voltage 


Voh 


/oh- -4.0mA 


2.4 


- 


- 


V 



Note) 1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute 
2. Typical limits are at Vcc -5.0V. 7a-25*C and specified loading. 



IAC TEST CONDITIONS 

Input pulse levels: GNO to 3.0V 
Input rise and fall times: 5 ns 
Input timing reference levels: 1.5V 
Output load: See Figure 
Output timing reference levels: 

1.5V(HM6147HLP-35) 
0.8 to 2.0V (HM6147HLP-45/55) 



Output Load A 



* Including scope & jig capacitance 



Output Load B 



■CAPACITANCE (ra-25'C, /-1.0MHz) 



Item 


Symbol 


Conditions 


max 


Unit 


Input Capacitance 


c„ 


K.-0V 


5 


pF 


Output Capacitance 


C, 


V...-0V 


6 


pF 



Note) This parameter »s sampled and not 100% tested. 

■ AC CHARACTERISTICS (Ta-0'C to 70 °C, Vcc=5V±10%, unless otherwise noted.; 
• READ CYCLE 



Parameter 


Symbol 


HM6147HLP-35 


HM6147HLP-45 


HM6147HLP-55 


Unit 


Notes 


min 


max 


mm 


max 


min 


max 


Read Cycle Time 


tKC 


35 


- 


45 


- 


55 


- 


ns 


cn 


Address Access Time 


Iaa 


- 


35 


- 


45 


- 


55 


ns 




Chip Select Access Time 


tACS 


- 


35 


- 


45 


- 


55 


ns 




Output Hold from Address Change 


tOH 


5 


- 


5 


- 


5 


- 


ns 




Chip Selection to Output in Low Z 


lu 


5 


- 


5 


- 


5 


- 


ns 


(2). (3), (7) 


Chip Deselection to Output in High Z 


tHZ 





30 





30 





30 


ns 


(2), (3), (7) 


Chip Selection to Power Up Time 


tPU 





- 





- 





- 


ns 




Chip Deselection to Power Down Time 


In 


- 


20 


- 


20 


- 


20 


ns 
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HM6147HLP Series 



• TIMING WAVEFORM OF READ CYCLE N0.1 ( 



IX 



D*u Out Prtvieut Dtu Valid 



xxxx 



• TIMING WAVEFORM OF READ CYCLE N0.2 4 (6> 



<XDC 



C.rr.M lli— 



t'sO 



K 



I 



y 



)p 



Notes: 1. All Read Cycle timings are referenced from last valid address to the 
first transitionining address. 

2. At any given temperature and voltage condition, f//Z max. is less than 
*LZ min. both for a given device and from device to divice. 

3. Transition is measured ±500mV from steady state voltage with 
spec ified loading in Load B. 

4. Wis high for READ Cycle. 

5. Device is continuously selected, £5= Vji. 

6. Addresses valid prior to or coincident with "C5" transition low. 

7. This parameter is sampled and not 100% tested. 



• WRITE CYCLE 



Parameter 


Symbol 


HM6147HLP-35 


HM6147HLP-45 


HM6147HLP-55 


Unit 


Notes 


mm 


max 


min 


max 


min 


max 


Write Cycle Time 


twc 


35 


- 


45 


- 


55 


- 


ns 


[2] 


Chip Selection to End of Write 


lew 


35 


- 


45 


— 


45 


- 


ns 




Address Valid to End of Write 


I AW 


35 


- 


45 


— 


45 


- 


ns 




Address Setup Time 


tAS 





- 





- 





- 


ns 




Write Pulse Width 


twp 


20 


- 


25 


- 


30 


- 


ns 




Write Recovery Time 


twR 





- 





- 





- 


ns 




Data Valid to End of Write 


tow 


20 


- 


25 


- 


25 


- 


ns 




Data Hold Time 


tDH 


10 


- 


10 


- 


10 


- 


ns 




Write Enable to Output in High Z 


tw% 





20 





25 





30 


ns 


B). W 


Output Active from End of Write 


tew 





- 





- 





- 


ns 


C3], to 
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HM6147HLP Series 



• TIMING WAVEFORM OF WRITE CYCLE (WE Controlled) 



D»ti CXil Dau Undefined 




• TIMING WAVEFORM OF WRITE CYCLE (CS Controlled) 



~1 


i X 












~H 


( 










\\\\\" 


K ,' / / / 










X 


0... 1. V.M A 








y-^^r- 



Notes: 1 . If CS goes high simultaneously with WE high, the output remains in a high impedance states. 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 

ILOW Vcc DATA RETENTION CHARACTERISTICS (Ta=0t to +70*0 



Item 


Symbol 


Test Condition 


mm 


typ 


max 


Unit 


Vcc for Data Retention 


Vo* 


CS^Vcc-0.2V 
V,n^Kcc-0.2V or V IN ^0 2V 


2.0 


" 


- 


V 


Data Retention Current 


IcCDR 


Vcc = 3.0V, CS^2.8V 
V%£2.8V or V,^0.2V 


- 


- 


50 


M 


Chip Deselect to Data Retention Time 


tcDR 


See Retention Waveform 





- 


- 


ns 


Operation Recovery Time 


t* 


/*c» 


- 


- 


ns 



♦ f»c-Re«d Cycle Time 

• LOW Vcc DATA RETENTION WAVEFORM 




Data Retention Mode 



CS2 V D „-0 2V 
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HM6116P Series 



2048- word x 8-bit High Speed Static CMOS RAM 



■FEATURES 

• Single 5V Supply 

• High speed: Fast Access Time 1 20ns/1 50ns/200ns (max.) 

• Low Power Standby and Standby: 100{iW(typ.) 
Low Power Operation Operation: 180mW (typ.) 

• Completely Static RAM: No clock or Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Pin Out Compatible with Standard 16K EPROM/MASK ROM 

• Equal Access and Cycle Time 

■FUNCTIONAL BLOCK DIAGRAM 

AiC— 





(Top V.e 



iCH 



■ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to GND 


Vt 


-0.5* to +7.0 


V 


Operating Temperature 


T.„ 


to +70 


*C 


Storage Temperature 


T.« 


-55 to +125 


'C 


Temperature Under Bias 


T»... 


-10 to +85 


•c 


Power Dissipation 


Pt 


1.0 


w 



* Pulse Width 50ns 



■TRUTH 


TABLE 












cs 


OE 


WE 


Mode 


Vcc Current 


I/O Pin 


Ref. Cycle 


H 


X 


X 


Not Selected 


Isb, Isbi 


High Z 




L 


L 


H 


Read 


Ice 


Dout 


Read Cycle UH3) 


L 


H 


L 


Write 


lee 


Din 


Write Cycle (1) 


L 


L 


L 


Write 


lee 


Din 


Write Cycle (2) 
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HM61 16P Series - 



■RECOMMENDED DC OPERATING CONDITIONS (7a~0 to +70C) 



Item 


Symbol 


mm 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


V,H 


2.2 


3.5 


6.0 


V 


V,L 


-3.0* 


- 


0.8 


V 



* Pulse Width : 50ns. DC : V, L mm- -0.3V 



■DC AND OPERATING CHARACTERISTICS (V CC -5V±10%, 


GND- 


0V, Ta-0 to 


+ 70°C) 




Item 


Symbol 


Test Conditions 


HM6116P-2 


HM6116P-3/-4 


Unit 


min 


typ* 


max 


min 


typ* 


max 


Input Leakage Current 


|/«l 


Vcc-5.5V, K.-GND to Vbc 


- 


- 


10 


- 


- 


10 


/iA 


Output Leakage Current 


I ho I 


CS-V,« or OE-V IHt 
V^-GND to Vcc 


- 


- 


10 


- 


- 


10 


*A 


Operating Power Supply 
Current 


/cc 


CS-V/t, /M>-0mA 


- 


40 


80 


- 


35 


70 


mA 


lea** 


V,«-3.5V, V /t -0.6V. 
/; o — 0mA 


- 


35 


- 


- 


30 


- 


mA 


Average Operating Current 


Icct 


Min. cycle, duty- 100% 


- 


40 


80 


- 


35 


70 


mA 




hB 


CS-V,h 


- 


5 


15 


- 


5 


15 


mA 


Standby Power Supply 
Current 


IsBl 


CS^Vcr-0.2V, V,.£Vcc 
-0.2V or K.£0.2V 


- 


0.02 


2 


- 


0.02 


2 


mA 




V 0L 


Jot —4mA 


- 


- 


0.4 


- 


- 


- 


V 


Output Voltage 


7oi.-2.lmA 


- 


'- 


- 


~ 


- 


0.4 


V 




VoH 


Ioh" -1.0mA 


2.4 


- 


- 


2.4 


- 


- 


V 



♦ V te -5V. 7a-25"C 
** Reference Only 

■AC CHARACTERISTICS (Vcc = 5V±10%, Ta=0 to +70°C) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and Cf_ - 100pF (including scope and jig) 

• READ CYCLE 



Item 


Symbol 


HM6116P-2 


HM6116P-3 


HM6116P-4 


Unit 


mm 


max 


mm 


max 


mm 


max 


Read Cycle Time 


tRC 


120 


- 


150 


- 


200 


- , 


ns 


Address Access Time 


Iaa 


- 


120 


- 


150 


- 


200 


ns 


Chip Select Access Time 


tACS 


- 


120 


- 


150 


- 


200 


ns 


Chip Selection to Output in Low Z 


tdZ 


10 


- 


15 


- 


15 


- 


ns 


Output Enable to Output Valid 


t0E ' 


- 


80 


- 


100 


- 


120 


ns 


Output Enable to Output in Low Z 


toLZ 


10 


- 


15 


- 


15 


- 


ns 


Chip Deselection to Output in High Z 


tctiZ 





40 





50 





60 


ns 


Chip Disable to Output in High Z 


toHZ 





40 





50 





60 


ns 


Output Hold from Address Change 


toH 


10 


- 


15 


- 


15 


- 


ns 
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HM6116P Series 



• WRITE CYCLE 



Item 


Symbol 


HM6116P-2 


HM6116P-3 


HM6116P-4 


Unit 


mm 


max 


min 


max 


min 


max 


Write Cycle Time 


twc 


120 


- 


150 


- 


200 


- 


ns 


Chip Selection to End of Write 


tew 


70 


- 


90 


- 


120 


- 


ns 


Address Valid to End of Write 


tAW 


105 


- 


120 


- 


140 


- 


ns 


Address Set Up Time 


tAS 


20 


- 


20 


- 


20 


- 


ns 


Write Pulse Width 


twp 


70 


- 


90 


- 


120 


- 


ns 


Write Recover) Time 


tw* 


5 


- 


10 


- 


10 


- 


ns 


Output Disable to Output in High Z 


t<3HZ 





40 





50 





60 


ns 


Write to Output in High Z 


twHZ 





50 





60 





60 


ns 


Data to Write Time Overlap 


tow 


35 


- 


40 


- 


60 


- 


ns 


Data Hold from Write Time 


t0H 


5 


- 


10 


- 


10 


- 


ns 


Output Active from End of Write 


tow 


5 


- 


10 


- 


10 


- 


ns 



I 



■CAPACITANCE (/-lMHa 


>, Ta -25°C) 












Item 


Symbol 


Test Conditions 


typ 


max 


Unit 


Input Capacitance 


C. 


V..-0V 


3 


5 


pF 


Input/Output Capacitance 


Cl/O 


Vm,-0V 


5 


7 


pF 



Note This parameter is sampled and not 100% tested 



■TIMING WAVEFORM 
• READ CYCLE (1) (,) 



3( 



XXi 



®K 



X 



XZZZZZl 



tZZL 



zz 



Wr 



• READ CYCLE(2) n (2)(4) 



X 



l^SK 



)G 



X 



• READ CYCLE(3) (,)( 



\_ 



~=Wd 



X 



NOTES: 1. WE" is High for Read Cycle. 

2. Device is continuously selected, C5"= Vj^. 

3. Add ress Valid prior to or coincident with T!S"transition Low. 

4. SF= Vn. 
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HM6116P Series - 



WRITE CYCLE (1) 



OE 



Cl 



WE 



7Z7 



ss 



X 



XV\W 






ISSSs. 



tttttt^ 



y 



■<x 



5SEX 



• WRITE CYCLE(2) (5) 



)C 



XX 



WE 



X 



SXXX^i 



nznun 






-i.f(D- 



!7 






<»»C2) 






e 



^ mmf 



NOTES: 1. A write occurs during the overlap ( /wo) of al ow CS and a low WE. 

2. f k/# is measured from the earlier ofCSor WE going high to the end 
of write cycle. 

3. During this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

4. If the C3~ low transition occurs simultaneously with the M7E" low 
transitions or after the WE transition, output remain in a high im- 
pedance state. 

5. TJFis continuously low. (OE= V IL ) 

6. D out is the same phase of write data of this write cycle. 

7. Dout * s tne rea< * data of next address. 

8. If CS is Low during this period, I/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 
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-HM6116P Series 



SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 

16r 









7o=25'C 








^ 


















^ 

















4 75 5.0 5.25 

Supply Voluge Vcc (V) 



SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 









Vcc ■ 5.0V 











































20 40 

Ambient Tempari 



60 

To It 



ACCESS TIME 

vs. SUPPLY VOLTAGE 

13r 



g 1.1 









7"c = 25*C 


**w 









































4 75 5.0 5.25 

Supply Voltage Vcc (V) 



ACCESS TIME 

vs. AMBIENT TEMPERATURE 









Vcc = 5 0V 











































20 
Ambient Temperi 



60 

To iti 



ACCESS TIME 

vs. LOAD CAPACITANCE 









^ 
























7o = 25*C 
Vcc = MIN 



















100 200 300 400 500 

Load Capacitance Cl (pF) 



SUPPLY CURRENT 
vs. FREQUENCY 



2 



10 



u 09 
0-8 
07 







200nt 


150m 


120na 





















































6 8 10 

Frequency / (MHz) 
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HM6116P Series - 



LOW INPUT VOLTAGE 
vs. SUPPLY VOLTAGE 

1.3 r 



£ 1.1 

ft 10 
I 

» 
J 0.. 

0.7 









ro = 25'C 











































HIGH INPUT VOLTAGE 
vs. SUPPLY VOLTAGE 



1.2 

8 l.i 

1 

J. 1-0 

1 
1 °- 9 

i 0.8 
07 








7o = 25*C 











































4.75 5 5.25 

Supply Voltage Vcc (V) 



4 75 5.0 5 25 

Supply Voluge Vcc (V) 



OUTPUT CURRENT 
vs. OUTPUT VOLTAGE 



I 1.2 

I 

*"" 10 

5 0.8 

I 

06 









7o = 25t 
Vcc=5V 











































1 2 3 

Output Voluge Von (V) 



OUTPUT CURRENT 
vs. OUTPUT VOLTAGE 



I 1.2 

































70 = 25*C 
V CC =5V 



















Output Voltage Vol (V) 
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HM6116FP Series 



2048- word x 8-bit High Speed Static CMOS RAM 



FEATURES 

High Density Small-Sized Package 

Projection Area Reduced to One-Thirds of Conventional DIP 
Thickness Reduced to a Half of Conventional DIP 
Single 5V Supply 

High Speed: Fast Access Time 120ns/1 50ns/200ns (max.) 

Low Power Standby Standby: 100/iW (typ.) 

Low Power Operation; Operation: 1 80m W (typ.) 

Completely Static RAM: No clock nor Timing Strobe Required 
Directly TTL Compatible: All Input and Output 
Equal Access and Cycle Time 
FUNCTIONAL BLOCK DIAGRAM 



\ \ 



■£*= 



-fee 



>V CC 
)CND 



-o 



OE 

WEO- 

CS 




Input 
Dm 

Control 



A* A* Ai Aio 



i 



■ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to GND 


Vt 


-0 5* to +7.0 


V 


Operating Temperature 


T.„ 


to +70 


*C 


Storage Temperature 


T.„ 


-55 to +125 


*c 


Temperature Under Bias 


T>... 


-10 to +85 


*c 


Power Dissipation 


Pr 


1.0 


w 



♦ I'ulse Width .rthis ,15V 



#• 



IPIN ARRANGEMENT 




■TRUTH 


TABLE 












cs 


OE 


WE 


Mode 


Vcc Current 


I/O Pin 


Ref. Cycle 


H 


X 


X 


Not Selected 


IsB, /SBI 


High Z 




L 


L 


H 


Read 


Ice 


Dout 


Read Cycle I1H3) 


L 


H 


L 


Write 


Ice 


Din 


Write Cycled) 


L 


L 


L 


Write 


Ice 


Din 


Write Cycle(2) 
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HM6116FP Series 



■RECOMMENDED DC OPERATING CONDITIONS (Ta-Q to +70 C) 



Item 


Symbol 


mm 


typ 


max 


Unit 


Supply Voltage 


V cc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


V,„ 


2.2 


3.5 


6.0 


V 


V IL 


-3.0* 


- 


0.8 


V 



* Pulse Width : 50ns. DC I V IL mm- -0.3V 



■DC AND OPERATING CHARACTERISTICS (V CC = 5V±10%, 


GND = 


0V, Tc 


t=0 to 


+ 70°C) 




Item 


Symbol 


Test Conditions 


HM6116FP-2 


HM6116FP-3/-4 


Unit 


min 


typ* 


max 


mm 


typ* 


max 


Input Leakage Current 


\lu I 


Vcc -5.5V, V..-GND to V cc 


- 


- 


10 


- 


- 


10 


M A 


Output Leakage Current 


\ho\ 


CS-V, W or OE-V IH 
Vm,-GND to V cc 


- 


- 


10 


- 


- 


10 


/iA 


Operating Power Supply 
Current 


Ice 


CS-V/l, 7,/o-OmA 


- 


40 


80 


- 


35 


70 


mA 


Icci** 


V/»-3.5V, V,t-0.6V, 
I i/o "0mA 


- 


35 


- 


- 


30 


- 


mA 


Average Operating Current 


lcci 


Mm. cycle, duty -100% 


- 


40 


80 


- 


35 


70 


mA 




IsB 


cs-v,„ 


- 


5 


15 


- 


5 


15 


mA 


Standby Power Supply 
Current 


IsBl 


CS^V C c-0.2V, V^Vcc 
-0.2V or K.^0.2V 


- 


0.02 


2 


- 


0.02 


2 


mA 




Vol 


lot" 4mA 


- 


- 


0.4 


- 


- 


- 


V 


Output Voltage 


7ot-2.1mA 


- 


- 


- 


- 


- 


0.4 


V 




Voh 


Ion" -1.0mA 


2.4 


- 


- 


2.4 


- 


- 


V 



* Vcc-5V. Ta-25'C 
** Reference Only 

■AC CHARACTERISTICS (Kcc = 5V±10%, Ta=0 to +70°C) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and Q. « 100pF (including scope and jig) 

• READ CYCLE 



Item 


Symbol 


HM6116FP-2 


HM6116FP-3 


HM6116FP-4 


Un.t 


mm 


max 


mm 


max 


mm 


max 


ftead Cycle Time 


t*c 


120 


- 


150 


- 


200 


- 


ns 


Address Access Time 


tAA 


- 


120 


- 


150 


- 


200 


ns 


Chip Select Access Time 


tACS 


- 


120 


- 


150 


- 


200 


ns 


Chip Selection to Output in Low Z 


tcLZ 


10 


- 


15 


- 


15 


- 


ns 


Output Enable to Output Valid 


t0E 


- 


80 


- 


100 


- 


120 


ns 


Output Enable to Output in Low Z 


t0LZ 


10 


- 


15 


- 


15 


- 


ns 


Chip Deselection to Output in High Z 


tCHZ 





40 





50 





60 


ns 


Chip Disable to Output in High Z 


toHZ 





40 





50 





60 


ns 


Output Hold from Address Change 


t0H 


10 


- 


15 


- 


15 


- 


ns 
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HM6116FP Series 



• WRITE CYCLE 











HM6116FP-2 


HM6116FP-3 


HM6116FP-4 


Unit 






mm 


max 


mm 


max 


mm 


max 


\S rite Cvcle Time 


twc 


120 


- 


150 


- 


200 


- 


ns 


Chip Selection to End of Write 


tew 


70 


- 


90 


- 


120 


- 


ns 


Address Valid to End of Write 


tAW 


105 


- 


120 


- 


140 


- 


ns 


Address Set Up Time 


tA S 


20 


- 


20 


- 


20 


- 


ns 


Write Pulse Width 


twp 


70 


- 


90 


- 


120 


- 


ns 


Write Recoverv Time 


twR 


5 


- 


10 


- 


10 


- 


ns 


Output Disable to Output in High 


Z 


t0HZ 





40 





50 





60 


ns 


\N rite to Output in High Z 


twHZ 





50 





60 





60 


ns 


Data to \\ rite Time Overlap 


tow 


35 


- 


40 


- 


60 


- 


ns 


Data Hold from Write Time 


tDH 


5 


- 


10 


- 


10 


- 


ns 


Output Active from End of Write 


tow 


5 


- 


10 


- 


10 


- 


ns 


■CAPACITANCE (/-1MHz. Ta = 25°C) 


Item 


Symbol 


Test Conditions 


typ 


max 


Unit 


Input Capacitance 


C. 


K,-0V 


3 


5 


PF 


Input/Output Capacitance 


C l/0 


Vm>-0V 


5 


7 


pF 



Note This parameter is sampled and r 

■ TIMING WAVEFORM 
• READ CYCLE (1) ' 



)C 



<xx 



» 



• READ CYCLE(2)' <2 <4) 



x 



D( 



}^SK 



11 



• READ CYCLE(3) (,)(3) 4) 



cs 



"\ 



1 



KXXX 



> 



NOTES: 1. Wis High for Read Cycle. 

2. Device is continuously selected, X^= Vji. 

3. Add ress Valid prior to or coincident with CSTtransition Low. 

4. UF= V JL . 



I 
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HM61 1 6FP Series 

■TIMING WAVEFORM 
• WRITE CYCLE <1) 0) 



WE 



=x 



7Z7 



- ssxxa 



^sxa 



irrrm 



)C 



VAW 
*////// 



m 



-s 



s 



]SXX 



• WRITE CYCLE(2) (5) 



—X 
XX 



X 



SXXX^i 



£L '////// 




J 



))))))))) )>y l 



lb) I /' 



l/m ■» " ■* f/w - 



t 



]^^ 



NOTES: 1. A write occurs during the overlap (twp) of a l ow C^and a low WE. 

2. twR is measured from the earlier of & or WE going high to the end 
of write cycle. 

3. During this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

4. If the "C3T low transitio n oc curs simultaneously with the WE low 
transitions or after the WE transition, output remain in a high 
imp edance state. 

5. T5Fis continuously low. (GE"= V IL ) 

6. D out is the same phase of write data of this write cycle. 

7. Dpyfis the read data of next address. 

8. If C5 is Low during this period, I/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 
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-HM6116FP Series 



SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 

1.6 r 



I 

i \2 



I 









ro = 25*C 








^ 


















0<r 

















4 75 5 5.25 

Supply Voluge Vet iV) 



SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 



]•• 









Vcc = 5.0V 










-^ 

































Ambient Temperature T, (*C) 



ACCESS TIME 

vs. SUPPLY VOLTAGE 



3 









7"o = 25'C 


^ 









































4 75 5 5 25 

Supply Voluge Vcc (V) 



ACCESS TIME 

vs. AMBIENT TEMPERATURE 



8 n 









Vcc - 5.0V 











































20 40 60 80 

Ambient Temperature Ta (*C) 



ACCESS TIME 

vs. LOAD CAPACITANCE 









^ 
























Ta = 25*C 
Vcc = MI N 



















200 300 400 

Lo»d Capacitance ft (pF) 



SUPPLY CURRENT 
vs. FREQUENCY 



§ ii 



* 09 







200ns 


150ns 


120ns 





















































Frequency / (MHz) 
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HM6116LP Series 

2048- word x 8-bit High Speed Static CMOS RAM 

■ FEATURES 

• Single 5V Supply and High Density 24 Pin Package 

• High Speed: Fast Access Time 1 20ns/1 50ns/200ns (max.) 

• Low Power Standby and Standby: 10/iW (typ.) 
Low Power Operation; Operation: 1 60m W (typ.) 

• Completely Static RAM: No clock nor Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Pin Out Compatible with Standard 16K EPROM/MASK ROM 

• Equal Access and Cycle Time 

• Capability of Battery Back up Operation 

■ FUNCTIONAL BLOCK DIAGRAM 

A.O- 




I ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to GND 


Vt 


0.5* to +7.0 


V 


Operating Temperature 


T„. 


to +70 


*C 


Storage Temperature 


T.„ 


55 to +125 


*C 


Temperature Under Bias 


7\... 


-10 to +85 


•c 


Power Dissipation 


Pt 


1.0 


W 



* Pulse Width 50 ns 




ITRUTH TABLE 



PIN ARRANGEMENT 


A,[T 


\J 


jTjvcc 


A« [*T 




H* 


A5 d 




1T|a, 


A, | 4 




21 ] WE 


Aj[ 5~ 




"lo"] oi" 


A,[T 




~p>" 


A. | 7 




18 ) CS 


Ao | 8 




17 ] l/0b 


I/O. | 9 




16 | I/Or 


i/o* [To 




"""17] I/O. 


I/Oi | "lT 




U]l/0j 


CND| 12 




13 | I/O. 




(Top View) 





CS 


OE 


WE 


Mode 


Vc c Current 


I/O Pin 


Ref. Cycle 


H 


X 


X 


Not Selected 


/ab, I SB 1 


High Z 




L 


L 


H 


Read 


/tc 


Dout 


Read Cycle I1H3) 


L 


H 


L 


Write 


lit 


Din 


Write Cycle (1) 


L 


L 


I. 


Write 


Icl 


Din 


Write Cycle (2) 
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I RECOMMENDED DC OPERATING CONDITIONS (Ta = to +70*C) 



-HM6116LP Series 



Item 


Symbol 


mm 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


VlH 


2.2 


3.5 


6.0 


V 


VlL 


-3.0' 


- 


0.8 


V 



* Pulse Width 50ns. DC l'u mm- -0 3V 



■ DC AND OPERATING CHARACTERISTICS (Vcc- 


= 5V ± 


10%, GND = 0V, Ta = 


= to +70 - C) 




ltem 


Symbol 


Test Conditions 


HM6116LP-2 


HM6116LP-3/-4 


Unit 


min 


typ* 


max 


mm 


typ* 


max 


Input Leakage Current 


I /til 


Vcc -5.5V, V., -GND to Vcc 


- 


- 


2 


- 


- 


2 


M 


Output Leakage Current 


I /to I 


CS-V,h or OE-V,„, 
V, „-GND to Vc< 


- 


- 


2 


- 


- 


2 


M 


Operating Power Supply 
Current 


/(( 


CS-V,t. // a -0mA 


- 


35 


70 


- 


30 


60 


mA 


/( < i ** 


V,«-3.5V. V,t-0.6V, 
/, u-0mA 


- 


30 


- 


- 


25 


- 


mA 


Average Operating Current 


ICC 2 


mm. cycle, duty -100% 


- 


35 


70 


- 


30 


60 


mA 


Standby Power Supply 
Current 


I SB 


CS-V,« 


- 


4 


12 


- 


4 


12 


mA 


/i8 I 


CS^Vcc -0.2V. V„^Vct - 
0.2V or V..S0.2V 


- 


2 


50 


- 


2 


50 


M 




Vol 


/ot-4mA 


- 


- 


0.4 


- 


- 


- 


V 


Output Voltage 


/ W L-2.1mA 


- 


- 


- 


- 


- 


0.4 




Voh 


I oh- -1.0mA 


2.4 


- 


- 


2.4 


- 


- 


V 



* V.. -5V. To-25*C 
* * Reference Only 



■ AC CHARACTERISTICS (V\c = 5V ±10%, Ta = to +70°C) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and C{_ = 100pF (including scope and jig) 

• READ CYCLE 



Item 


Symbol 


HM6116LP-2 


HM6116LP-3 


HM6116LP-4 


Unit 


mm 


max 


mm 


max 


mm 


max 


Read Cycle Time 


/ RC 


120 


- 


150 


- 


200 


- 


ns 


Address Access Time 


t*A 


- 


120 


- 


150 


- 


200 


ns 


Chip Select Access Time 


t H S 


- 


120 


- 


150 


- 


200 


ns 


Chip Selection to Output in Low Z 


Ic LZ 


10 


- 


15 


- 


15 


- 


ns 


Output Enable to Output Valid 


t HE 


- 


80 


- 


100 


- 


120 


ns 


Output Enable to Output in Low Z 


toiz 


10 


- 


15 


- 


15 


- 


ns 


Chip Deselection to Output in High Z 


t( HZ 





40 





50 





60 


ns 


Chip Disable to Output in High Z 


t OHZ 





40 





50 





60 


ns 


Output Hold from Address Change 


ton 


10 


- 


15 


- 


15 


- 


ns 



HITACHI 

Hitachi America Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 



(408) 435-8300 



73 



HM6116LP Series - 



• WRITE CYCLE 











HM6116LP-2 


HM6116LP-3 


HM6116LP-4 


Unit 






mm 


max 


min 


max 


mm 


max 


Write Cycle Time 




'wi 


120 


- 


150 


- 


200 


- 


ns 


Chip Selection to End of Write 




lew 


70 


- 


90 


- 


120 


- 


ns 


Address Valid to End of Write 




} .AW 


105 


- 


120 


- 


140 


- 


ns 


Address Set Up Time 




f AS 


20 


- 


20 


- 


20 


- 


ns 


Write Pulse Width 




twp 


70 


- 


90 


- 


120 


- 


ns 


Write Recovery Time 




f»A 


5 


- 


10 


- 


10 


- 


ns 


Output Disable to Output in High Z 




\UHZ 





40 





50 





60 


ns 


Write to Output in High Z 




IWHZ 





50 





60 





60 


ns 


Data to Write Time Overlap 




tow 


35 


- 


40 


- 


60 


- 


ns 


Data Hold from Write Time 




tDH 


5 


- 


10 


- 


10 


- 


ns 


Output Active from End of Write 




ton 


5 


- 


10 


- 


10 


- 


ns 


■ CAPACITANCE (/=lMHz. Tc 


= 25*C) 










Item 


Symbol 


Test Conditions 


typ 


max 


Unit 


Input Capacitance 


C 


V..-0V 


3 


5 


pF 


Input/Output Capacitance 


C, a 


V, „-ov 


5 


7 


pF 



Note) This parameter is sampled and not 100% tested 

■ TIMING WAVEFORM 
• Read Cycle (1) (,) 




• Read Cycle (2) 



( I ), (2), (4) 



• Read Cycle (3) 



cs 



X 



feXK 



=&xx 



X 



J 



NOTES: 1. WE is High for Read Cycle. 

2. Device is continuously selected, CS = Vj^. 

3. Address Valid prior to or coincident with CS transition Low. 

4. OE = V IL . 
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-HM6116LP Series 



• Write Qycle (1) 



HE 



WE 






X 



SSt 



zdZZZZZ 



tWA 



jT>rm 



<i 



Tn^Y 



y 



I 



loi » ' — — lo«r— 



^CKXX 



• Write Cycle (2) (5> 



Z^( 



xs 



I 



SXXX^i 



- TW^ — 



i2 



'////// 



. [6] [7] 



<: 



NOTES: 1. A write occurs during the overlap (t^p) of a 
lowCSandalowWl. 

2. f ivfl is measured from the earlier of CS or WE 
going high to the end of write cycle. 

3. During this period, I/O pins are in the output 
state so that the input signals of opposite 
phase jto_ the outputs must not be applied. 

4. If the CS low transition occurs simultaneo usly 
with the WE low transitions or after the WE 



transition, output remain in a high impedance 

state. 

OE is continuously low. (T5E = V IL ) 

D out is the same phase of write data of this 

write cycle. 

Dqyt is the read data of next address. 

If CS is Low during this period, I/O pins are 

in the output state. Then the data input 

signals of opposite phase to the outputs must 

not be applied to them. 



I LOW Vcc DATA RETENTION CHARACTERISTICS (Ta = to +70°C) 



Item 


Symbol 


Test Conditions 


mm 


typ 


max 


Unit 


Vcc for Data Retention 


Vdr 


CS £ Vcc -0 2V, V..iVcc -0.2V or V..S0.2V 


2.0 


- 


- 


V 


Data Retention Current 


IcCDR* 


Vcc -3 0V, CSS2.8V. V..^2.8Vor V„£0.2V 


- 


- 


30 


M 


Chip Deselect to Data Retention Time 


tcDK 


See Retention Waveform 





- 


- 


ns 


Operation Recovery Time 


tft 


tRc'* 


- 


- 


ns 



* 10 M max at To-OtJ to +40t, Vn mm- -0 3 V 

* * /„, -Read Cycle Time 

• Low Vcc Data Retention Waveform 



D>t» Retention Mode 



7 




K 
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HM6116LP Series 



SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 



2 









70*25*0 








^ 


















*«•*" 

















4.5 4 75 50 555 

Supply Voltage Vcc (V) 



SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 



1 

i l2 

ii 0.8 

u 

<3 0.6 









Vcc = 5.0V 











































Ambient Temperature Ta CO 



ACCESS TIME vs. 
SUPPLY VOLTAGE 









To = 25t 


^, 









































4 5 4 75 5 5.2S 

Supply Voltage Vcc (V) 



ACCESS TIME vs. 
AMBIENT TEMPERATURE 



!•' 









Vcc = 5.0V 











































20 40 60 

Ambient Temperature Ta (*C) 



ACCESS TIME vs. 
LOAD CAPACITANCE 









^ 
























ro = 25*C 
Vcc = MI N 



















00 300 400 

Load Capacitance G. (pF) 



SUPPLY CURRENT vs. 
FREQUENCY 







200ns 


150ns 


120ns 





















































2 4 6 

Frequency / (MHz) 
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HM6116LP Series 



LOW INPUT VOLTAGE vs. 
SUPPLY VOLTAGE 



? 11 









To =25*C 











































4.75 5 5.25 

Supply Voluge Vcc (V) 



HIGH INPUT VOLTAGE vs. 
SUPPLY VOLTAGE 









T« = 25'C 











































4 75 5 5 25 

Supply Voluge Vcc (V) 



OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 



I 1.2 









ro = 25*C 
V CC = 5V 











































OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 



I ,2 

































7Vt = 2S*C 
V CC = 5V 



















Output Voluge Von (V) 



Output Voluge Vol (V) 



STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 



■g io- 









Vcc=3V 
CS=2«V 



















20 40 

Ambient Temperature Ta CO 



STANDBY CURRENT vs. 
SUPPLY VOLTAGE 



1 10 

I 







































7 
C 


Q = 25t 

S= Vci -o 2V 


^ 









Supply Voluge Vcc (V) 
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HM6116LPSeries- 



STANDBY CURRENT vs. 
INPUT VOLTAGE 













Vcc- 


25*C 
=5.0V 
4.8V 






































I) J 













2 3 

Input Voltage V„ (V) 
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HM6116LFP Series- 

2048-word x 8-bit High Speed Static CMOS RAM 



■FEATURES 

High Density Small-sized Package 

Projection Area Reduced to One-Thirds of Conventional DIP 

Thickness Reduced to a Half of Conventional DIP 

Single 5V Supply 

High Speed: Fast Access Time 120ns/150ns/200ns (max.) 

Low Power Standby and Standby: 10jiW(typ.) 

Low Power Operation; Operation: 160mW (typ.) 

Completely Static RAM: No Clock nor Timing Strobe Required 

Directly TTL Compatible: All Input and Output 

> Equal Access and Cycle Time 

> Capability of Battery Back up Operation 

IFUNCTIONAL BLOCK DIAGRAM 




■ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to GND 


Vt 


— 0.5'to +7.0 


V 


Operating Temperature 


T.„ 


to +70 


*C 


Storage Temperature 


T., t 


-55 to +125 


*C 


Temperature Under Bias 


7\„. 


-10 to +85 


'C 


Power Dissipation 


Pt 


1.0 


W 




PIN ARRANGEMENT 


A>[~T 


\J 


~24~] Vcc 


*Cl 




ir\ ai 


As |^3_ 




"1T| A* 


*E 




"^T|"we" 


Aj[r~ 




20 |0E" 


Ai |_6_ 




19 | Ai. 


A. \2__ 




18 |C? 


*E 




17 | l/0b 


l/Oi | 9 




16 ] l/Oi 


I/O. [ 10 




1}"°' 


I/O, | 11 




14 | l/Os 


GND [ 12 




"7T]i/oi 



(Top V.ew) 



* Pulse width 50ns - 3 5V 
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HM6116LFP Series - 
■TRUTH TABLE 



cs 


OE 


WE 


Mode 


V'ct Current 


I/O Pin 


Ref. Cycle 


H 


X 


X 


Not Selected 


Isb, Isb\ 


High Z 




L 


L 


H 


Read 


Ice 


Dout 


Read Cycle (1W3I 


L 


H 


L 


Write 


Ice 


Din 


Write Cycle (1) 


L 


L 


L 


Write 


Ice 


Din 


Write Cycle (2) 



IRECOMMENDED DC OPERATING CONDITIONS (Ta=Q to +70°C) 



Item 


Symbol 


mm 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


VlH 


2.2 


3.5 


6.0 


V 


V,L 


-3.0* 


- 


0.8 


V 



* Pulse Width 50ns. DC V IL min- -0 3V 



■DC AND OPERATING CHARACTERISTICS (V cc = 


= 5V±10%, GND-0V 


, 7a= 


to +70°C) 




Item 


Symbol 


Test Conditions 


HM6116LFP-2 


HM6116LFP-3/-4 


Unit 


mm 


typ* 


max 


mln 


typ* 


max 


Input Leakage Current 


\h,\ 


Vtr- 5.5V, V., -GND to Vcc 


- 


- 


2 


- 


- 


2 


M 


Output Leakage Current 


I/1..I 


CS== V,h or OE = V,„, 
V, „ = GND to Vcc 


- 


- 


2 


- 


- 


2 


M 


Operating Power Supply- 
Current 


Ice 


C~S-Vu, // o-0mA 


- 


35 


70 


- 


30 


60 


mA 


/cci** 


V/H-3.5V. V,l-0.%\\ 
Ii « = 0mA 


- 


30 


- 


- 


25 


- 


mA 


Average Operating Current 


/( CI 


Mm cycle, duty- 100% 


- 


35 


70 


- 


30 


60 


mA 


Standby Power Supply 
Current 


Isb 


TS= Vih 


- 


4 


12 


- 


4 


12 


mA 


/iBi 


CSZVc< -0.2V, V..2WC 
-0.2V or V,,S0.2V 


- 


2 


50 


- 


2 


50 


M 




Vol 


/„i-4mA 


- 


- 


0.4 


- 


- 


- 


V 


Output Voltage 


W = 2.1mA 


- 


- 


- 


- 


- 


0.4 




V»H 


I oh' -1.0mA 


2.4 


- 


- 


2.4 


- 


- 


V 



* Vr ( -5V. To -25'C 
* * Reference Onls 



■AC CHARACTERISTICS (Vcc = 5V±10%, Ta=Q to +70°C) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and Q, - 100pF (including scope and jig) 

• READ CYCLE 



Item 


Symbol 


HM6U6LFP-2 


HM6116LFP-3 


HM6116LFP-4 


Unit 


min 


max 


mm 


max 


min 


max 


Read Cycle Time 


tm 


120 


- 


150 


- 


200 


- 


ns 


Address Access Time 


t*< 


- 


120 


- 


150 


- 


200 


ns 


Chip Select Access Time 


tALS 


- 


120 


- 


150 


- 


200 


ns 


Chip Selection to Output in Low Z 


tctz 


10 


- 


15 


- 


15 


- 


ns 


Output Enable to Output Valid 


tot 


- 


80 


- 


100 


- 


120 


ns 


Output Enable to Output in Low Z 


toLZ 


10 


- 


15 


- 


15 


- 


ns 


Chip deselection to Output in High Z 


tcili 





40 





50 





60 


ns 


Chip Disable to Output in High Z 


loHZ 





40 





50 





60 


ns 


Output Hold from Address Change 


toH 


10 


- 


15 


- 


15 


- 


ns 
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HM6116LFP Series 



• WRITE CYCLE 



Item 


Symbol 


HM6116LFP-2 


HM6116LFP-3 


HM6116LFP-4 


Unit 


mm 


max 


mm 


max 


mm 


max 


Write Cycle Time 


twc 


120 


- 


150 


- 


200 


- 


ns 


Chip Selection to End of Write 


tew 


70 


- 


90 


- 


120 


- 


ns 


Address Valid to End of Write 


I AW 


105 


- 


120 


- 


140 


- 


ns 


Address Set Up Time 


*46 


20 


- 


20 


- 


20 


- 


ns 


Write Pulse Width 


twP 


70 


- 


90 


- 


120 


- 


ns 


Write Recovery Time 


twR 


5 


- 


10 


- 


10 


- 


ns 


Output Disable to Output in High Z 


toHZ 





40 





50 





60 


ns 


Write to Output in High Z 


twHZ 





50 





60 





60 


ns 


Data to Write Time Overlap 


tnw 


35 


- 


40 


- 


60 


- 


ns 


Data Hold from Write Time 


ton 


5 


- 


10 


- 


10 


- 


ns 


Output Active from End of Write 


low 


5 


- 


10 


- 


10 


- 


ns 



I 



■CAPACITANCE (/-1MHz, 


Tc 


i = 25 8 C) 










Item 


Symbol 


Test Conditions 


typ 


max 


Unit 


Input Capacitance 


Cm 


Vm-OV 


3 


5 


pF 


Input/Output Capacitance 


Cl o 


V, o-0V 


5 


7 


pF 



Note) This parameter is sampled and not 100% tested 

■TIMING WAVEFORM 
• READ CYCLE (1) (,) 



• READ CYCLE (2) < 



X 



X 



m 



wc 



IZZZ2. 



m 



z± 



EZXX 



X 



11 



• READ CYCLE (3) (nm<4) 
(Ts 



\ 



f 



kffiX 



NOTES: 1. WE is High for Read Cycle 

2. Device is continuously selected, CS - Vji 

3. Address Valid prior to or coincident with CS 
transition Low. 

4. OE = V IL . 
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HM6116LFP Series 



• WRITE CYCLE (1) 



ZD( 



727 



SSSSShei 



ISS^ 



Tnrm 



k////// 



y 



<i 



]£EX 



• WRITE CYCLE (2) <S) 



Z)C 



Y^Yk " 



3^4 



X 



y 



C 



mm. 



]g 555F 



NOTES: 1. A write occurs during the overlap (f wp) of a 

low CS and a low WE. 5. 

2. f HTj is measured from the earlier of CS or WE 6. 
going high to the end of write cycle. 

3. During this period, I/O pins are in the output 7. 
state so that the input signals of opposite 8. 
phase to_the outputs must not be applied. 

4. If the CS low transition occurs simultaneously 
with the WE low transitions or after the WE 
transition, output remain in a high impedance 

■LOW Vcc DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C) 



state. 

OE is continuously low. (OE - Vji) 

Dout is * ne same phase of write data of this 

write cycle. 

D »t is the read data of next address. 

If CS is Low during this period, I/O pins are 

in the output state. Then the data input 

signals of opposite phase to the outputs must 

not be applied to them. 



Item 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Vcc for Data Retention 


V D R 


C§ZVcc-Q.2V 
VWVcc-0.2V or V,n£Q.2V 


2.0 


- 


- 


V 


Data Retention Current 


IcCDR 


Vcc-3.0V, C5^2.8V 
VW2.8V or V,*£0.2V 


- 


- 


30 


M 


Chip Deselect to Data Retention Time 


tcDR 


See Retention Waveform 





- 


- 


ns 


Operation Recovery Time 


tR 


"tRC 


- 


- 


ns 



• Vil mm--0.3V. 10M max (at To-0 to +40t) 
** l«c-Re«I Cycle Time. 

• Low Vcc DATA R€TENTION WAVEFORM 




P»u Retention Mode 




K 
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HM6116AP 
HM6116ASP 



2048-word x 8-bit High Speed Static CMOS RAM 
■ FURTURES 

• High speed: Fast Access Time 1 20ns/1 50ns/200ns (max.) 

• Low Power Standby and Standby: 100juW (typ.) 

Low Power Operation Operation: 15mW (typ.) (f = 1MHz) 

• Single 5V Supply and High Density 24 Pin Package 

• Completely Static RAM: No clock or Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Pin Out Compatible with Standard 16K EPROM/MASK ROM 

• Equal Access and Cycle Time 

■FUNCTIONAL BLOCK DIAGRAM 



~3f 



TS= 



*t: 



:: ^-{ 



*a 



Jl~¥) 



tzO— 



w 



■ABSOLUTE MAXIMUM RATINGS 






Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to GNl) 


Vt 


5* to +70 


V 


Operating Temperature 


T. f . 


to +70 


'C 


Storage Temperature 


T.„ 


55 to 4 125 


"C 


Temperature Under Bias 


r»... 


10 to -» 85 


'C 


Power Dissipation 


1>T 


1 


w 



* I'uIm> Width SOm 



HM61 16 AP Series 




HM6 116 ASP Series 




(DP-24N) 



IPIN ARRANGEMENT 




a»[~t 


\y 


24 


Vcc 






23 

22 


At 
A* 


A«l 4 




21 


WE 


A»[T 




20 


61 


A»[ 6 




19 


An 


..[T 




18 


tt 


*u 




17 


I/O* 


i/o. nr 




16 


1/Ot 


i/o> [~io" 




IS 


I/Oi 


i/oi[77 




14 


l/Oi 


CND [l2 




13 


I/O. 



(Top View) 



■TRUTH 


TABLE 












cs 


OK 


wk 


Mode 


K < Current 


I/O Pin 


Ref. Cycle 


H 


* 


x 


Not Selected 


Isa, Isbi 


High Z 




I. 


1. 


H 


Read 


In 


Dout 


Read Cycle <1)~(3> 


1. 


H 


1. 


Write 


In 


Dm 


Write Cycle (1) 


L 


L 


L 


Write 


In 


Din 


Write Cycle 12) 
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HM61 1 6AP Series, HM61 1 6ASP Series 



■RECOMMENDED DC OPERATING CONDITIONS (7a-0 to + 70'C) 



Item 


Symbol 


mm 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


v,„ 


2.2 


3.5 


6.0 


V 


V IL 


-3.0' 


- 


0.8 


V 



* Pulse Width SOns. DC V lt mm 



DC AND OPERATING CHARACTERISTICS (V cc = 5V ±10%, GND = 0V, T a = to +70°C) 



Item 


Symbol 


Test Condition 


HM6116 
ASP-1 


2 


HM6116AP/ 
ASP-15 


HM6116AP/ 
ASP-20 


Unit 




min 


typ* 


max 


min 


typ* 


max 


min 


typ* 


max 




Input Leakage 
Current 


I/l/I 


K C c=5.5V, V in =GND 
to V cc 


- 


- 


2 


- 


- 


2 


- 


- 


2 


MA 


Output Leakage 
Current 


I'loI 


CS = K /H orOE=K /H , 
K J/0 = GNDtoK cc 


- 


- 


2 


- 


- 


2 


- 


- 


2 


ma 


Operating Power 
Supply Current 


J cc 


CS=K /L ,/ //o = 0mA 
V in = V lH oiV IL 


- 


5 


15 


- 


5 


15 


- 


5 


15 


mA 


ha 


Vm'Vcc ^/l=0V, 

CS = K /L( 

/ //o = 0mA,/=lMHz 


- 


3 


6 


- 


3 


6 


- 


3 


6 


mA 


Average Operating 
Current 


hc2 


min. cycle, 
duty = 100% 


- 


35 


60 


- 


25 


45 


- 


20 


35 


mA 


Standby Power 


ISB 


CS = K JH 


- 


1 


4 


- 


1 


4 


- 


1 


4 


mA 


Supply Current 


hBl 


CS^K CC -0.2V 


- 


0.02 


2 


- 


0.02 


2 


- 


0.02 


2 


mA 


Output Voltage 


Vol 


loh =4mA 


- 


- 


0.4 


- 


- 


0.4 


- 


- 


0.4 


V 


Voh 


Iqh~ -1.0mA 


2.4 


- 


- 


2.4 


- 


- 


2.4 


- 


- 


V 



K cc »5V,r a »25 - C 



■AC CHARACTERISTICS ( V C c = 5V±10%, 7a = to +70°C) 

• AC TEST CONDITIONS 

Input Pulse Levels. 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels. 1.5V 

Output Load 1TTL Gate and C L = 100pF (including scope and jig) 

• READ CYCLE 



Item 


Symbol 


HM6116AP/ 
ASP-1 2 


HM6116AP/ 
ASP-15 


HM6116AP/ 
ASP-20 


Unit 




min 


max 


min 


max 


min 


max 




Read Cycle Time 


*RC 


120 


- 


150 


- 


200 


- 


ns 


Address Access Time 


*AA 


- 


120 


- 


150 


- 


200 


ns 


Chip Select Access Time 


*ACS 


- 


120 


- 


150 


- 


200 


ns 


Chip Selection to Output irr Low Z 


*CLZ 


10 


- 


10 


- 


10 


_ 


ns 


Output Enable to Output Valid 


t OE 


- 


55 


- 


60 


- 


70 


ns 


Output Enable to Output in Low Z 


*OLZ 


10 


- 


10 


- 


10 


- 


ns 


Chip Deselection to Output in High Z 


l CHZ 





40 





50 





60 


ns 


Chip Disable to Output in High Z 


x OHZ 





40 





50 





60 


ns 


Output Hold from Address Change 


f OH 


10 


- 


15 


- 


20 


- 


ns 
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HM61 1 6AP Series, HM61 1 6ASP Series 



• WRITE CYCLE 



Item 


Symbol 


HM6116AP/ 
ASP-12 


HM6116AP/ 
ASP-15 


HM6116AP/ 
ASP-20 


Unit 




min 


max 


min 


max 


min 


max 




Write Cycle Time 


f wc 


120 


- 


150 


- 


200 


- 


ns 


Chip Selection to End of Write 


tew 


70 


- 


90 


- 


120 


- 


ns 


Address Valid to End of Write 


*AW 


105 


- 


120 


- 


140 


- 


ns 


Address Set Up Time 


Us 





- 





- 





- 


ns 


Write Pulse Width 


*WP 


70 


- 


80 


- 


100 


- 


ns 


Write Recovery Time 


*WR 





- 





- 





- 


ns 


Output Disable to Output in High Z 


*OHZ 





40 





50 





60 


ns 


Write to Output in High Z 


*WHZ 





35 





40 





50 


ns 


Data to Write Time Overlap 


*DW 


35 


- 


40 


- 


50 


- 


ns 


Data Hold from Write Time 


*DH 





- 





- 





- 


ns 


Output Active from End of Write 


r OW 


10 


- 


10 


- 


10 


- 


ns 



Note) This parameter is sampled and not 100% tested 

■TIMING WAVEFORM 
• READ CYCLE (1) (,) 



Address 



f RC~ 



)C 



X 



-*AA- 



o-b WWWVk 



cs 



m 



Dout 



— tOE~ 
- f OLZ- 



— *ACS- 
- f CLZ — 



<xx 



Z: 



^OH- 



tun. 



- t OHZ 

{ CHZ 



» 



I 



■CAPACITANCE (/-IMHj 


., Ta-25'C) 










Item 


Symbol 


Test Conditions 


typ 


max 


Unit 


• Input Capacitance 


a. 


V..-0V 


3 


5 


pF 


Input/Output Capacitance 


Cuo 


Vm>-0V 


5 


7 


pF 



• READ CYCLE (2) ( 



Address 



Dout 



X 



tRC- 



- f OH- 



- f AA~ 



5SEXK 



X 



-tQH — 



X 



• READ CYCLE(3) (,(,H4) 
CS 

Dout 



\ 



-*ACS- 



- — *CLZ- 



kffix 



j 



^*CHZ^\ 



NOTES: 1. WE is High for Read Cycle. 

2. Device is continuously selected, C5~= Vj^. 

3. Address Valid prior to or coincident with ^transition Low. 

4. OE"= V lL . 
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HM61 1 6AP Series, HM61 1 6ASP Series 



• WRITE CYCLE(1) 

Address 
OE 

CS 
WE 



ZX 



s 



-twc- 



X. 



V^Vfa" 



-tew- 



\\\\\ 
*////// 



Ms. 



-*AW- 






°- >>>»>) ! 



-'UT 



[1] 



Din 



— f DH r- 



'wr[2] 



y 



- f DH-~ 1 



^SEE 



• WRITE CYCLE(2) (,) 



Address 



IZX 



WE 



-twc- 



X 



c-sXSSXXX^: 



_r cwr _ 



2Z 



-tAW- 



4SH 'l*7/Z 



-fnrp(i)- 



^ ))))))))))m 



Din 



fcz 



"T 



tWR [2] 

y////// 



-tQH- 



-tow 



[6] 



-*DH- 



~1<XAg 



[7] 



(8) 




NOTES: 1. A write occurs during the overlap (/ u /p) of a low ^S"and a low^wT. 

2. r wg is measured from the earlier of CS or^WF going high to the end 
of write cycle. 

3. During this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

4. If the C5" low transition occurs simultaneously with the "WF low 
transitions or after the WE transition, output remain in a high im- 
pedance state. 

5. T5E"is continuously low. (0E= V/i) 

6. D out is the same phase of write data of this write cycle. 

7. D »t is the read data of next address. 

8. If CS is Low during this period, I/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 
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HM61 1 6AP Series, HM61 1 6ASP Series 



INPUT LOW VOLTAGE VS. SUPPLY VOLTAGE INPUT HIGH VOLTAGE VS. SUPPLY VOLTAGE 









7n = 2'it 











































I 'i I 7 r > 









Ta = 2St 











































Supply Voltage \ i ( ' V ) 



IS 4 7S SO S2S SS 

Supplv Voltage Vcr (VI 



OUTPUT CURRENT VS. OUTPUT VOLTAGE OUTPUT CURRENT VS. OUTPUT VOLTAGE 









r«=2sr 
w<=<">ov 


\ 




































V 



























ra = 25'C 
Vrr = S0V 


















i 









Output VnltdgP \l>H ( V ) 



1 2 4 6 8 

Output Voltage lot (V) 



STANDBY CURRENT VS. 
AMBIENT TEMPERATURE 









( S = L'«V 



















STANDBY CURRENT VS. 
SUPPLY VOLTAGE 







































Ta 
CS 


= 2«it 

= Vrr-0 2V 


^ 









Supply Voltage VVr (V 
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HM61 1 6AP Series, HM61 1 6ASP Series 



SUPPLY CURRENT VS. SUPPLY VOLTAGE 









Ta = 2ft 











































SO 5 25 



SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 









V(c=50V 











































SuppK \oltafce Va '\ > 



20 40 fiO 80 

Ambient Temperature Tn ' "C I 



ACCESS TIME VS. SUPPLY VOLTAGE 



ACCESS TIME. VS. 
AMBIENT TEMPERATURE 









7a = 25t 

















































U(-5 0V 











































Supply Voltaic Wr (V) 



20 40 Ml 

W.M1H IVmpei atmr In ( '( I 



ACCESS TIME VS. LOAD CAPACITANCE 



SUPPLY CURRENT VS. FREQUENCY 



1 " 









In 2 r .'( 
V,, Ml\ 











































100 201) «X) MX) 

I oad ( apa< itance ( / ( pM 







200ns 


l')0ns 


L'Ons 










It. r >0\ 
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OPERATING SUPPLY CURRENT VS. INPUT VOLTAGE 



- HM61 1 6AP Series, HM61 1 6 ASP Series 















1 

r«=25r 

l«=5 0V 


1 8 
z: 






























■£ 6 
I 


















,\ 


/ 


5 = 2\ 






J? 




^ 


y 








S. , 




















/ 


XS = 4 8V 





I 



Input \ i>lta«e I ,. ( \ l 
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HM6116ALP 
HM6116ALSP Series 



2048- word x 8-bit High Speed Static CMOS RAM 
■ FEATURES 



High Speed: Fast Access Time 1 20ns/1 50ns/200ns (max.) 

Low Power Standby and Standby: 5/iW (typ.) 

Low Power Operation; Operation: 10mW (typ.) (f = 1MHz) 

Capability of Battery Back up Operation 

Single 5V Supply and High Density 24 Pin Package 

Completely Static RAM: No clock nor Timing Strobe Required 

Directly TTL Compatible: All Input and Output 

Pin Out Compatible with Standard 16K EPROM/MASK ROM 

Equal Access and Cycle Time 

I FUNCTIONAL BLOCK DIAGRAM 



;£= 



a 



wFo W- 

Oto -fcj- 



<P- 



I I 



1-4 



bo— 



3 

Si 



I ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to GND 


Vt 


-0.5* to -1-7.0 


V 


Operating Temperature 


r.„ 


to +70 


•c 


Storage Temperature 


r.,« 


-55 to +125 


# C 


Temperature Under Bias 


r»... 


-10 to +85 


•c 


Power Dissipation 


Pt 


1.0 


W 



* Pulse Widtk 50ns : 



I TRUTH TABLE 



HM6116ALP Series 




(DP- 24) 



HM61 16 ALSP Series 




(DP-24M 



I PIN ARRANGEMENT 



*|T 


\y 


24 


*E 

A»rr 




23 
22 


A. f 4 




21 


A»rr 




20 


aj rr 




19 


A. (7 




IK 


*E 




17 


i/oi ["T" 




16 


i/o. Ho" 




15 


1/05 QE 




14 


CND [j7 




13 



WE 

61 

An 

CS 

I/O. 

I/O, 

I/O* 

I/O* 

I/O, 



(Top View) 



cT 


OE 


We 


Mode 


Vcc Current 


I/O Pin 


Ref. Cycle 


H 


X 


X 


Not Selected 


Is; ls,^ 


High Z 




L 


L 


H 


Read 


Ice 


Dout 


Read Cycle (1)~(3) 


L 


H 


L 


Write 


Ice 


Din 


Write Cycle (1) 


L 


L 


L 


Write 


Ice 


Din 


Write Cycle (2) 
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-HM61 1 6ALP Series, HM61 1 6ALSP Series 



I RECOMMENDED DC OPERATING CONDITIONS (7a-0 to +70'C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


V,H 


2.2 


3.5 


6.0 


V 


V,L 


-3.0' 


- 


0.8 


V 



* Pultc Width SOnt. DC V, L »m--0 3V 

■ DC AND OPERATING CHARACTERISTICS (V cc 


= 5V± 


10%, GND = 


ov,r a 


= to +70° C) 






Item 


Symbol 


Test Condition 


HM6116ALP/ 
ALSP-12 


HM6116ALP/ 
ALSP-15 


HM6116ALP/ 
ALSP-20 


Unit 




min 


typ* 


max 


min 


typ* 


max 


min 


typ* 


max 




Input Leakage 
Current 


i'l/I 


to V CC 


- 


- 


2 


- 


- 


2 


- 


- 


2 


MA 


Output Leakage 
Current 


UloI 


CS=K /H orOE=r JH , 
K 7/0 =GNDtoK cc 


- 


- 


2 


- 


- 


2 


- 


- 


2 


ma 


Operating Power 
Supply Current 


l CC 


CS = ^ L ,/ //o =0mA 
Vin=VlH or V IL 


- 


4 


12 


- 


4 


12 


- 


4 


12 


mA 


l CCl 


Vm-Vcc, VlL^OW 

cs=v IL , 

/ //o =0mA,/=lMHz 


- 


2 


5 


- 


2 


5 


- 


2 


5 


mA 


Average Operating 
Current 


l CC2 


min. cycle, 
duty = 100% 


- 


30 


50 


- 


20 


40 


- 


15 


30 


mA 


Standby Power 


l SE 


CS = VlH 


- 


0.5 


3 


- 


0.5 


3 


- 


0.5 


3 


mA 


Supply Current 


f SBl 


CS^K CC -0.2V 


- 


1 


50 


- 


1 


50 


- 


1 


50 


MA 


Output Voltage 


Vol 


/ OL =4mA 


- 


- 


0.4 


- 


- 


0.4 


- 


- 


0.4 


V 




VOH 


Iqh~ -10mA 


2.4 


- 


- 


2.4 


- 


- 


2.4 


- 


- 


V 



I 



* ^CC = 5V, r a = 25°c 
■ AC CHARACTERISTICS (Vcc-5V ±10%, 7a-0 to +70'C) 

• AC TEST CONDITIONS 

Input Pulse Levels 0.8 to 2.4V 

Input Rise and Fall Times 10 ns 

Input and Output Timing Reference Levels 1.5V 

Output Load 1TTL Gate and C L - 100pF (mclud.ng scope and jig) 

• READ CYCLE 



Item 


Symbol 


HM6116ALP/ 
ALSP-12 


HM6116ALP/ 
ALSP-15 


HM6116ALP/ 

ALSP-20 


Unit 




min 


max 


min 


max 


min 


max 




Read Cycle Time 


*RC 


120 


- 


150 


- 


200 


- 


ns 


Address Access Time 


l AA 

f ACS 

t CLZ 

_JOE_ 

x OLZ 


- 


120 


- 


150 


- 


200 


ns 


Chip Select Access Time 


- 


120 


- 


150 


- 


200 


ns 


Chip Selection to Output in Low Z 


10 


- 


10 


- 


10 


- 


ns 


Output Enable to Output Valid 


- 


55 


- 


60 


- 


70 


ns 


Output Enable to Output in Low Z 


10 


- 


10 


- 


10 


- 


ns 


Chip Deselection to Output in High Z 


*CHZ 





40 





50 





60 


ns 


Chip Disable to Output in High Z 


l OHZ 





40 





50 





60 


ns 


Output Hold from Address Change 


f OH 


10 


- 


15 


- 


20 


- 


ns 
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HM61 1 6ALP Series, HM61 1 6ALSP Series 

• WRITE CYCLE 


Item 


Symbol 


HM6116ALP/ 
ALSP-12 


HM6116ALP/ 
ALSP-15 


HM6116ALP/ 
ALSP-20 


Unit 




min 


max 


min 


max 


min 


max 




Write Cycle Time 


*wc 


120 


- 


150 


- 


200 


- 


ns 


Chip Selection to End of Write 


*cw 


70 


- 


90 


- 


120 


- 


ns 


Address Valid to End of Write 


*AW 


105 


- 


120 


- 


140 


- 


ns 


Address Set Up Time 


Us 





- 





- 





- 


ns 


Write Pulse Width 


*WP 


70 


- 


80 


- 


100 


- 


ns 


Write Recovery Time 


*WR 





- 





- 





- 


ns 


Output Disable to Output in High Z 


t OHZ 





40 





50 





60 


ns 


Write to Output in High Z 


*WOH 





35 





40 





50 


ns 


Data to Write Time Overlap 


*DW 


35 


- 


40 


- 


50 


- 


ns 


Data Hold from Write Time 


t DH 





- 





- 





- 


ns 


Output Active from End of Write 


*OW 


10 


- 


10 


- 


10 


- 


ns 



■ CAPACITANCE (/-1MHz, 7a«25 # C) 










Item 


Symbol 


Test Conditions 


typ 


max 


I nit 


Input Capacitance 


C. 


V..-0V 


3 


5 


pK 


Input/Output Capacitance 


C, 


V, o-0V 


5 


7 


pK 



Note) This parameter is sampled and not 100% tested. 

■ TIMING WAVEFORM 
• Read Cycle (1) 

in r 

Address j( 



-*RC- 



X 



-Ua- 



OB \\\\\\\\ 



CS 



5Si 



Dout 



— tcE 
-*OLZ- 



-tACS- 



- f CLZ~ 



• Read Cycle (2) 

(1].[2],[4) 



<zx 



z 



7777; 



fV77} 



JOHZ 
-JCHZ 



zz 



Wr 



Address 



y. 



- f RC- 



- f OH- 



-UA- 



Dout 



5XXSK 



X 



- — tQH — 



X 



• Read Cycle (3) 

m. pi. i4j 

CS — 



Dout • 



f 



t AC S i 



- f CHZ~\ 



NOTES: 1. WE is High for Read Cycle. __ 

2. Device is continuously selected, CS = Vji. 

3. Address Valid prior to or coincident with CS transition Low. 

4. OE = V /L . 
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- HM61 1 6ALP Series, HM61 1 6ALSP Series 



• Write Cycle (1) 



• Write Cycle (2) 



Address ) (" 

diZZf 



cs 

WE ^ 



r OHZ 



-t WC ~ 



h 'cw ■ 



f AW 



kw 



kSXXi 



Din 



\~twpll)— 



-<£ 



/WR[2) 



_/ 



fr>iv-t-'zJH 



fax 



I 



< 5) — ^ 

Address ,{ 



WE 



X 



t AW 



J cw- 



Vas- 






Xk 



'WP(1|- 



y 



"" l WHZ\- H 



hI3) 



Din 



£ 



'WK [2] 



XL '////// 



r OW 



'rW-t-'Dtf-lig 



[6] 



NOTES: 1. A write occurs during the overlap (/&>/>) °f a 

low CS and a low WE. 

2- 'ht? is measured from the earlier of CS or WE 
going high to the end of write cycle. 

3. During this period, I/O pins are in the output 
state so that the input signals of opposite 
phase to the outputs must not be applied. 

4. If the CS low transition occurs simultaneo usly 
with the WE low transitions or after the WE 



transition, output remain in a high impedance 
state. 

5. OE is continuously low (OE = V/i) 

6. D out is the same phase of write data of this 
write cycle. 

7. Doyt is the read data of next address 

8. If CS is Low during this period, I/O pins are 
in the output state Then the data input 
signals of opposite phase to the outputs must 
not be appbed to them. 



ILOW Vcc DATA RETENTION CHARACTERISTICS Ta = to +70"C> 



hem 


Symbol 


Test Conditions 


mm 


typ 


max 


Unit 


Vcc for Data Retention 


Vo« 


CSZ Vcc -0 2V 


2 


- 


- 


V 


Data Retention Current 


/iCBI* 


Vcc -3 0V. CS22 8V 


- 


- 


30 


MA 


Chip Deselect to Data Retention Time 


i(DI 


See Retention Waveform 





- 


- 


ns 


Operation Recovery Time 


i* 


t»c" 


- 


- 


ns 



* 10 M max at Ta-Ot? lo 4 401!. V,, mm- 3V 

* * t„ -Read Cycle Tim* 

• Low Vcc Data Retention Waveform 




D»L Retention Mode 




\ 
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HM6716 
HM6719 Series 



Preliminary 



HM6716: 2048-word x 8-bit High Speed Static RAM 
HM6719: 2048-word x 9-bit High Speed Static RAM 

■ FEATURES 

• Fast Access Time: 25/30ns (max) 

• Low Power Dissipation (DC): 280mW (typ.) 

• + 5V Single Supply 

• Completely Static Memory: No Clock or Timing Strobe 
Required 

• Balanced Read and Write Cycle Time 

• Fully TTL Compatible Input and Output 

• Skinny 24 Pin Cerdip (300mil) 

■ BLOCK DIAGRAM 




(OE)o 



■ ABSOLUTE MAXIMUM RATINGS 






Item 


Symbol 


Rating 


Unit 


Terminal Voltage to GND Pin 


V T 


-0.5 to +7.0 


V 


Power Dissipation 


P T 


1.0 


W 


Operating Temperature Range 


T OPR 


to +70 


°C 


Storage Temperature Range 


T STG 


-55 to +125 


°C 




PIN ARRANGEMENT 

Top View 



M 




1 




24 


~l 


A6 




2 




23 




A5 




3 




22 




A4 




4 




21 




A3 




5 




20 




A2 




6 


5 


19 




A1 




7 


X 


18 




A0 




8 




17 




1/01 




9 




16 




I/02 




10 




15 




I/03 




11 




14 




GND 




12 




13 









Top View 






A7 




1 




24 




A6 




2 




23 




A5 




3 




22 




A4 




4 




21 




A3 




5 




20 




A2 
A1 




6 

7 


On 

X 


19 
18 




A0 




8 




17 




1/01 




9 




16 




I/02 




10 




15 




I/03 




11 




14 




GND 




12 




13 





A8 

A9 

WE 

OE 

A10 

CS 

I/08 

I/O7 

I/06 

I/O5 

I/O4 



vcc 

A8 

A9 

WE 

CS 

A10 

I/O9 

I/08 

I/O7 

I/06 

I/O5 

I/O4 
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-HM6716, HM6719 Series 



■ RECOMMENDED DC OPERATING CONDITIONS (0°C 


< T A < 70°C) 






Item 


Symbol 


min 


type 


max 


Unit 


Supply Voltage 


v C c 


4.5 


5.0 


5.5 


V 


GND 


0.0 


0.0 


0.0 


V 


Input High Voltage 


Vffl 


2.2 


- 


6.0 


V 


Input Low Voltage 


VlL* 


-3.0 


- 


0.8 


V 



♦Pulse width: 20ns, DC: -0.5V 

■ TRUTH TABLE HM6716 



cs 


ol 


WE 


Mode 


V cc Current 


I/O Pin 


Ref. Cycle 


H 


HorL 


HorL 


Not Selected 


r SB' ^Bl 


High-Z 


- 


L 


L 


H 


Read 


!cc» k:c\ 


D OUT 


Read Cycle (1) (2) (3) 


L 


H 


L 


Write 


r cc' Jcci 


Din 


Write Cycle (1) 


L 


L 


L 


Write 


! CC' ^Cl 


Din 


Write Cycle (2) 



I 



TRUTH TABLE HM671 9 



CS 


WE 


Mode 


V cc Current 


I/O Pin 


Ref. Cycle 


H 


HorL 


Not Selected 


^B' J SB1 


High-Z 


— 


L 


H 


Read 


*CC» l CCl 


D 0UT 


Read Cycle (2) (3) 


L 


L 


Write 


J CC' kxil 


Din 


Write Cycle (2) 



■ DC AND OPERATING CHARACTERISTICS (V cc = 5V± io%, T A = o°c to 70°Q 








Item 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input Leakage Current 


UliI 


V cc = 5.5V,V IN = 0VtoV cc 


— 


— 


2 


M 


Output Leakage Current 


HloI 


CS = V IH ,V I/0 = GNDtoV cc 


— 


- 


2 


HA 


Operating Power Supply Current 


J cc 


CS = V IH , V I/0 = 0mA 


— 


- 


120 


mA 


Average Operating Current 


ta 


Min. Cycle, Duty: 100% 


- 


- 


130 


mA 




JSB 


CS = V IH , I I/0 = 0mA 


— 


- 


30 


mA 


Standby Power Supply Voltage 


JSBI 


CS> V cc -0.2V, V IN < 0.2V or V IN 
> V CC -0.2V 


- 


- 


10 


mA 


Output Low Voltage 


Vol 


I OH = -1mA 


— 


- 


0.4 


V 


Output High Voltage 


Voh 


I OH = -1mA 


2.4 


- 


- 


V 



I AC TEST CONDITIONS 

' Input pulse levels: GND to 3.0V 

1 Input and Output reference levels: 1.5V 

± 200mV from steady level 

(Output Load B) 

> + 5V 



1 Input rise and fall time: 4ns 
1 Output Load: See Figure 



Dout 
o — 



910Q 



p + 5V 
£ 910Q 



A620Q: 



: 30pF* 



Dout 
o f 



7% 

Output Load A 



•5pF* 



* including 
scope and jig 



Output Load B 
(tCHZ» t-WHZ, tcLZ, tow) 

HITACHI 
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HM6716, HM6719 Series- 



■ CAPACITANCE (T A 


= 25°C, f = 1 


.0MHz) 












Item 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input Capacitance 


C IN 


Vin = OV 


- 


- 


6 


pF 


I/O Capacitance 


c i/o 


Vi/o = ov 


- 


- 


8 


pF 



Note) This parameter is sampled and not 100% tested. 



I AC CHARACTERISTICS (V cc = 5V ± 10%, T A = 0°C to 70°C, unless otherwise noted.) 
READ CYCLE 



Item 


Symbol 


HM6716 
HM6719 


HM67 16-30 
HM67 19-30 


Unit 


Notes 




min 


max 


min 


max 




Read Cycle Time 


l RC 


25 


- 


30 


- 


ns 


- 


Address Access Time 


l AA 


— 


25 


- 


30 


ns 


- 


Chip Select Access Time 


*ACS 


- 


25 


- 


30 


ns 


- 


Chip Selection to Output in Low Z 


kxz 





- 





- 


ns 


2 


Output Enable to Output Valid 


k)E 


.0 


20 





20 


ns 


1 


Output Enable to Output in Low Z 


k)LZ 





- 





- 


ns 


1,2 


Chip Deselection to Output in High Z 


l CHZ 





10 





12 


ns 


1,2 


Chip Disable to Output in High Z 


tOHZ 





10 





10 


ns 


1,2 


Output Hold from Address Change 


k)H 


5 


- 


5 


- 


ns 


- 



• WRITE CYCLE 



Item 


Symbol 


HM6716 
HM6719 


HM6716-30 
HM6719-30 


Unit 


Notes 




min 


max 


min 


max 




Write Cycle Time 


l wc 


25 


- 


30 


- 


ns 


- 


Chip Selection to End of Write 


. l CW 


20 


- 


25 


- 


ns 


- 


Address Setup Time 


*AS 





- 





- 


ns 


- 


Address Valid to End of Write 


l AW 


20 


- 


25 


- 


ns 


- 


Write Pulse Width 


l WP 


20 


- 


25 


- 


ns 


- 


Write Recovery Time 


l WR 





- 





- 


ns 


- 


Output Disable to Output in High Z 


k)HZ 





10 





10 


ns 


1,2 


Write to Output in High Z 


l WHZ 





10 





12 


ns 


2 


Data Valid to End of Write 


l DW 


15 


- 


15 


- 


ns 


- 


Data Hold Time 


*DH 


5 


- 


5 


- 


ns 


- 


Output Active from End of Write 


km 





- 





- 


ns 


- 



NOTES) 1. These parameters are for HM6716 

2 Transition is measured ±200mV from steady state voltage with Load (B) 
This parameter is sampled and not 100% tested. 
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TIMING WAVEFORMS OF READ CYCLE NO. 1< 1 > 



-HM6716, HM6719 Series 





* t RC ► 








Address \£ \/ 




.4 , , f.A 








^ L AA 


.... .... „ — ....„ ., w 






«\\\\\\\\ 


__£ 


v/// 




< toE ► 


_1 




4-t H-> 




S XS 


\ 


<- tQLZ ► 




:zzzzz 








A 


1 ^HZ 


► 






* ^ACS 


bd 






^ MULZ ^ 


f Harci W„i;/1 \/ \/>.— 




High impedance 




1 1yd td 




« M ^ 


vv 





TIMING WAVEFORMS OF READ CYCLE NO. 2< 1 >< 2 >«> 



Address 



X 



tRC 



< tQH ► 



tAA 



Dout Previous Data Valid /(XXX)C 



X 



tQH 



Data Valid 






TIMING WAVEFORMS OF READ CYCLE NO. 3«k 3 >< 4 > 



cs 



Dout 



\ 



t-ACS 



tCLZ- 



High impedance 



<xxx 



/ 



tCHZ 



Data Valid 



> 



Notes) 1. WE is High for Read Cycle. 

2. Device is continuously selected, CS = V IL . 

3. Address Valid prior to or coincident with CS transition Low. 

4. OE = V IL . 

HITACHI 
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HM6716, HM6719 Series- 



! TIMING WAVEFORMS OF WRITE CYCLE NO. 1 



Address 



x 



OE 



ZZ7 



cs v x ^ 



WE 



twc 



1 



tew 



•[4] 



. tAS 



tAW 






Dout 



) ) ) ) n ) ■ 



.twp 



.m 



.Z 



./ 



y 



Din 



< 



tDW 



< — ► 



>C 



t W R 121 



High Impedance 



*DH 



^7" 
Z\. 



Data Valid 



\7 



xx: 



TIMING WAVEFORMS OF WRITE CYCLE NO. 2< 5 > 

* twc " 



Address 



>c 



x 



cs 



\\\K\\\vk" 



tew 



<-> 



WE 



tAW 



tAS 



s^^ 






twp' 



■rnliL 



tWH7^ 



/f H-tOH 



Dout- 



\ ^ \ \ \ \ \ \ \ \ \ \ N High Impedanbe 



WPPZ 



/>)> i /)/>//> / 



y 



[3] 



Din' 



tpw 



tWR' 2 ' 



tow 



[6] 



^JDH^ 




( *» vim )teee?^ 



[7] 



[8] 



Notes) 1. A write occurs during the overlap (t^p) of a low CS and a low WE. 

2. t WR is measured from the earlier of CS or WE going high to the end of write cycle. 

3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 

4. If the CS low transition occurs simultaneously with the WE low transitions or after the WE transition, output remain in a high 
impedance state. 

5. OE is continuously low. (OE = V IL . 

6. Dqut ls tne same P na se of write data of this write cycle. 

7. Dqut is the read data of next address. 

8. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to the outputs 
must not be applied to them. 
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HM6168HP Series 



4096-wordx4-bit High Speed Static CMOS RAM 

■FEATURES 

• High Speed: Fast Access Time 45/55/70 ns (max.) 

• Single +5V Supply and High Density 20 Pin Package 

• Low Power Standby and Low Power Operation; 

100/uW typ. (Standby), 200mW typ. (Operation) 

• Completely Static Memory 

No Clock or Timing Strobe Required 

• Equal Access and Cycle Times 

• Directly TTL Compatible - All Inputs and Outputs 

■ FUNCTIONAL BLOCK DIAGRAM 





IPIN ARRANGEMENT 



*. [7 

*E 

A»(T 

At [7 

AiojT 

Ai.nr 

cs(T 

:nd[1o" 



3 v " 

"|T| Ai 

TT) \< 

"iT] At 

"iT| i/o. 

TT] K)» 
17] l/(h 
17] i/o. 
TT|wi 



WE o- 



(Top View) 



IABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to GND 


V IN 


-3.5* to +7.0 


V 


Power Dissipation 


Pr 


1 


W 


Operating Temperature 


T.„ 


to +70 


' *C 


Storage Temperature (Ceramic) 


T.„ 


-65 to +150 


*C 


Storage Temperature (Plastic) 


T.„ 


-55 to +125 


*C 


Temperature under Bias 


T»... 


-10 to +85 


*C 



* Pulse Width 20ns. DC--0 5V 
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HM6 168HP Series - 
■ TRUTH TABLE 



cs 


WE 


Mode 


Vcc Current 


I/O Pin 


Reference Cycle 


H 


X 


Not selected 


I SB* J SB1 


HighZ 




L 


H 


Read 


J CC 


Dout 


Read Cycle 1, 2 


L 


L 


Write 


ice 


Din 


Write Cycle 1,2 



RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to + 70°C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


Vm 


2.2 


- 


6.0 


V 


Vil 


-3.0* 


- 


0.8 


V 



* I'uJse width, 20 ns, D(\ V//, mm -0 5V 

■ DC AND OPERATING CHARACTERISTICS (V C C = 5 V ±10%, GND=0V, Ta =0 to + 70°C) 

Symbol 



Item 
Input Leakage Current 
Output Leakage Current 
Operating Power Supply Current 
Standby Power Supply Current 
Standby Power Supply Current(l) 
Output Low Voltage 
Output High Voltage 
Note. Typical limits are at V CC =5.QV, 7a=25°C and specified loading. 



i/loI 
Ice 

hB 

Vol 



Test Conditions 


min 


typ 


max 


Unit 


^CC = 5.5V, ^--GNDlo^c 


- 


- 


2.0 


JuA 


CS^/H, ^//o=GNDto|/ cc 


- 


- 


2.0 


MA 


CS=K /L ,/ //o = 0mA 


- 


40 


90 


mA 


CS=V IH 


- 


15 


25 


mA 


CS= V cc 0.2V, K /N ^0.2V or V lN > V cc 


0.2V 


- 


0.02 


2.0 


mA 


/ 0i =8mA 


2.4 


_ 


0.4 


V 


I OH -4mA 


V 



■ CAPACITANCE (7<i = 25 (\/= 1MHz) 



Item 
Input Capacitance 
Input/Output Capacitance 



Symbol 
C l/Q 



Test Conditions 
"/JV = <>V 



y i/o 



ov 



max 


Unit 


6 


pi- 


8 


pi" 



Nuie 



II..S,.. 



iiiclfis aie sampled ami not 1 00' ',. tested 



■ AC CHARACTERISTICS ( Vc C = W j 10%, Ta=0 to + 70°(\ unless otherwise noted.) 

• AC TEST CONDITION 

• Input pulse levels, GND to 3.0V 

• Input use and fall times 5ns 

• Input and Output timing reference levels: 1.5V 

• Output load. See Figure 




n 



+ 5V 
£ 48AQ 



Output Load (A) * Including scope and jig. Output Load (B) 

(for tHZ. tLZ, *wz* tow) 
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HM6168HP Series 



• READ CYCLE 



Item 


Symbol 


HM6168HP-45 


HM6168HP-55 


HM6168HP-70 


Unit 


min 


max 


min 


max 


min 


max 


Read Cycle Time 


tRC 


45 


- 


55 


- 


70 


- 


ns 


Address Access Time 


*AA 


- 


45 


- 


55 


- 


70 


ns 


Chip Select Access Time 


*ACS 


- 


45 


- 


55 


- 


70 


ns 


Output Hold from Address Change 


( OH 


5 


- 


5 


- 


5 


- 


ns 


Chip Selection to Output in Low Z* 


tLZ 


20 


- 


20 


- 


20 


- 


ns 


Chip Deselection to Output in High Z* 


*HZ 





20 





20 





20 


ns 


Chip Selection to Power Up Time 


tpu 





- 





- 





- 


ns 


Chip Deselection to Power Down Time 


tPD 


- 


30 


- 


30 


- 


30 


ns 



I 



* Transition is measured ±500mV from steady state voltage with Load (B). 
This parameter is sampled and not 1 00% tested. 

• TIMING WAVEFORM OF READ CYCLE NO. 1 (1) ' (2) 



X 



A A A A D»t» V, 



X 



X 



► TIMING WAVEFORM OF READ CYCLE NO. 2 (1) ' (3) 

ttc 

CS — 

i. 

V 



Vcc supply 

current 



tXXDG^ 



rz 



/fi^T 



K 



Notes) I. Wi: is High for Read Cycle. 

2. Device is continuously selected, CS= V JL . 

3. Address Valid prior to or coincident with CS transition Low. 
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HM6168HP Series 



• WRITE CYCLE 



Item 


Symbol 


HM6I68HP-45 


HM6I68HP-55 


HM6I68HP-70 


Unit 


min 


max 


min 


max 


min 


max 


Write Cycle Time 


twc 


45 


- 


55 


- 


70 


- 


ns 


Chip Selection to End of Write 


f cw 


40 


- 


50 


- 


60 


- 


ns 


Address Valid to End of Write 


*AW 


40 


- 


50 


- 


60 


- 


ns 


Address Setup Time 


Us 





- 





- 





- 


ns 


Write Pulse Width 


*WP 


35 


- 


45 


- 


55 


- 


ns 


Write Recovery Time 


*WR 





- 





- 





- 


ns 


Data Valid to End of Write 


*DW 


20 


- 


25 


- 


30 


- 


ns 


Data Hold Time 


r £>H 





- 





- 





- 


ns 


Write Enabled to Output in High Z* 


twz 





15 





20 





25 


ns 


Output Active from End of Write* 


f ow 





- 





- 





- 


ns 



* Transition is measured ±500mV from stead\ state voltage with Load (B) 
This parameter is sampled and not 100% tested. 

• TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE Controlled) 



sx 



JL 



2k 



z V/////// . 



ISl 



Lm—tV 

■<zkz 



,<- 



>&>- 



"- <<<<<<& 



High imptdtnc* 



» TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS Controlled) 





— t»c - 




LAAr..* ..,.> 


t ? 


i 












u% 


i «- 




CS 


* 


^ ? 


t 








,„, ,„ 










n \\\\\\V 


V 3 


<////, 


'///, 




tOK 




o,» xxxxxxxxxw^ 


c 


^£XXX> 


<XXX 


High Impcdtnce' 
Dou« — — — 







Notes) 1. A write occurs during the overlap o( a low CS and a low WE, (t^p) 

2. t WR is measured from the earlier of CS or WE going high to the end of write cycle. 

3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must 
not be applied. 

4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffer 
buffers remain in a high impedance state. 

5. If CS is low during this period, I/O pins are m the output state. Then the data input signals of opposite phase to 
the outputs must not be applied to them. 

6. Dout is the same phase of Write data o( tlus write cycle. 
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-HM6168HP Series 



SUPPLY CURRENT VS. SUPPLY VOLTAGE 
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Ambient Temperature Ta (°C) 



ACCESS TIME VS. SUPPLY VOLTAGE 



ACCESS TIME VS. LOAD CAPACITANCE 



E in 
P 



8 »« 









/'i = 2S'C 











































I 








^ 


o 










U 

< 










< 
H 

§ OK 

■<! 
ot. 



























Supply Voltage Vcc (V) 



Load Capacitance Cl (pF) 



ACCESS TIME VS. AMBIENT TEMPERATURE 



SUPPLY CURRENT VS. FREQUENCY 
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Ambient Temperature Ta (°C) 



Frequency f (MHz) 
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HM6168HPSeries- 



INPUT LOW VOLTAGE VS. SUPPLY VOLTAGE INPUT HIGH VOLTAGE VS. SUPPLY VOLTAGE 









7« = 2!>t 
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OUTPUT CURRENT VS. OUTPUT VOLTAGE OUTPUT CURRENT VS. OUTPUT VOLTAGE 
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Output Voltage 17m (V) 



STANDBY CURRENT VS. 
AMBIENT TEMPERATURE 
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STANDBY CURRENT VS. SUPPLY VOLTAGE 
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HM6168HLP Series 



4096-wordx4-bit High Speed Static CMOS RAM 

■FEATURES 

• High Speed: Fast Access Time 45/55/70ns(max.) 

• Single +5V Supply and High Density 20 Pin Package 

• Low Power Standby and Low Power Operation; 

5jtiW typ. (Standby), 200mW typ. (Operation) 

• Completely Static Memory 

No Clock or Timing Strobe Required 

• Equal Access and Cycle Times 

• Directly TTL Compatible -All Inputs and Outputs 

• Capable of Battery back up Operation 

■ FUNCTIONAL BLOCK DIAGRAM 

CS: 





IPIN ARRANGEMENT 



A«[T 
As [7 

*E 

A.(T 

A.[T 

-E 

A., nr 

cs[T 



lo] Vcc 

17) \i 

7T] Ao 
jT] i o, 

"i7] [ (h 

~u] I Oi 

"1T| i/o, 

IT] WE 



(Top View) 



IABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relati\e to GND 


V,s 


-3 5* to + 7 


V 


Power Dissipation 


Pt 


1 


VV 


Operating Temperature 


T.„ 


to +70 


*C 


Storage Temperature 


T,„ 


-55 to +125 


*c 


Temperature under Bias 


T>,., 


-10 to +85 


*c 



♦ Pulse Width 20ns. DC- 5\ 
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HM6168HLP Series 



■ TRUTH TABLE 



cs 


WE 


Mode 


Vqc Current 


I/O Pin 


Reference Cycle 


H 


X 


Not selected 


I SB * I SB 1 


HighZ 




L 


H 


Read 


Ice 


Dout 


Read Cycle 1, 2 


L 


L 


Write 


Ice 


Din 


Write Cycle 1, 2 



RECOMMENDED DC OPERATING CONDITIONS (7* =0 to + 70°C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


Vm 


2.2 


- 


6.0 


V 


VlL 


-3.0* 


- 


0.8 


V 



* Pulse width; 20 ns, DC; Vji min = -0.5V 

■ DC AND OPERATING CHARACTERISTICS (Kcc=5V ±10%, GND=0V, 7*=Q to + 70°C) 



Item 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Imput Leakage Current 


l/l/l 


K CC =5.5V, V in =GND to V CC 


- 


- 


2.0 


MA 


Output Leakage Current 


i/lo" 


CS* V IH , F //0 =GND to V CC 


- 


- 


2.0 


ma 


Operating Power Supply Current 


Ice 


CS=V IL ,I I/o =0mA 


- 


40 


90 


mA 


Standby Power Supply Current 


!SB 


CS=K /H 


- 


15 


25 


mA 


Standby Power Supply Current(l) 


ISB1 


CS«K CC -0.2V, V IN ^0.2Vot V IN * V C c^^ 


- 


1 


50 


MA 


Output Low Voltage 


Vol 


ZoL^SmA 


- 


- 


0.4 


V 


Output High Voltage 


VqH 


Iqh s —4.0mA 


2.4 


- 


- 


V 



Note: Typical limits are at K CC =5.0V, ro=25°C and specified loading. 

■ CAPACITANCE (Ja=25 C /= 1MHz) 



Item 


Symbol 


Test Conditions 


min 


max 


Unit 


Input Capacitance 


Cin 


K /N =0V 


- 


6 


pF 


Input/Output Capacitance 


c i/o 


V I/o = 0V 


- 


8 


pF 



Note: This parameters are sampled and not 100% tested. 

■ AC CHARACTERISTICS (F C c=5V ±10%, 7a=0 to + 70°C, unless otherwise noted) 

• AC TEST CONDITIONS 

Input pulse levels: GND to 3.0V 
Input rise and fall times: 5 ns 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V 
Output load: See Figure 




)out o t ♦ 

255Q* -T- 



+ 5V 
i 480Q 



Output Load (A) * Including scope and jig. Output Load (B) 

(for tHZ, (lz, *WZ* tow) 
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HM6168HLP Series 



• READ CYCLE 



Item 


Symbol 


HM6168HLP-45 


HM6168HLP-55 


HM6168HLP-70 


Unit 


min 


max 


min 


max 


min 


max 


Read Cycle Time 


tRC 


45 


- 


55 


- 


70 


- 


ns 


Address Access Time 


*AA 


- 


45 


- 


55 


- 


70 


ns 


Chip Select Access Time 


*ACS 


- 


45 


- 


55 


- 


70 


ns 


Output Hold from Address Change 


tOH 


5 


- 


5 


- 


5 


- 


ns 


Chip Selection to Output in Low Z* 


*LZ 


20 


- 


20 


- 


20 


- 


ns 


Chip Deselection to Output in High Z* 


*HZ 





20 





20 





20 


ns 


Chip Selection to Power Up Time 


*PU 





- 





- 





- 


ns 


Chip Deselection to Power Down Time 


*PD 


- 


30 


- 


30 


- 


30 


ns 



I 



* Transition is measured ±500mV from steady state voltage with Load (B) 
This parameter is sampled and not 100% tested. 



• TIMING WAVEFORM OF READ CYCLE NO.1 



(D,(2) 



)C 



\nct 



x 



• TIMING WAVEFORM OF READ CYCLE NO. 2 



U>.<3) 



V 



I 



txx; 



?~. 



/IM~ 



Y%\ 



Notes) 1. WE is High for Read Cycle. _ 

2. Device is continuously selected, CS= Vj^. 

3. Address Valid prior to or coincident with CS transition Low. 



Hitachi America Ltd. 
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HM6168HLP Series 



• WRITE CYCLE 



Item 


Symbol 


HM6168HLP-45 


HM6168HLP-55 


HM6168HLP-70 


Unit 


min 


max 


min 


max 


min 


max 


Write Cycle Time 


twc 


45 


- 


55 


- 


70 


- 


ns 


Chip Selection to End of Write 


few 


40 


- 


50 


- 


60 


- 


ns 


Address Valid to End of Write 


*AW 


40 


- 


50 


- 


60 


- 


ns 


Address Setup Time 


Us 





- 





- 





- 


ns 


Write Pulse Width 


twp 


35 


- 


45 


- 


55 


- 


ns 


Write Recovery Time 


f WR 





- 





- 





- 


ns 


Data Valid to End of Write 


tDW 


20 


- 


25 


- 


30 


- 


ns 


Data Hold Time 


*DH 





- 





- 





- 


ns 


Write Enabled to Output in High Z* 


*WZ 





15 





20 





25 


ns 


Output Active from End of Write* 


tow 





- 





- 





- 


ns 



* Transition is measured ±500mV from steady state voltage with Load (B). 
This parameter is sampled and not 100% tested. 

• TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE Controlled) 



cs XS 



Ji 



i 



, <//////// 



*Ss. 



Im—tU 

■olcz 



°~ (<<<<< 



M- 



-m.£- 



/ 



)fe>- 



essdg 



• TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS Controlled) 



V 



« \\\\\\\H 



y 



d. X X XX X X XX X ' 



f— - ID 



iCZZZZZZZZ. 



>kxesszx 



High Impedence 



Notes) 1. A write occurs during the overlap of ajow CS and a low WE, iSwp) 

2. /jfrjR is measured from the earlier of CS or WE going high to the end of write cycle. 

3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must 
not be applied. 

4. If the T5" low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffe 
buffers remain in a high impedance state. 

5. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to 
the outputs must not be applied to them. 

6. Dout is the same phase of Write data of this write cycle. 
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ILOW Vcc DATA RETENTION CHARACTERISTICS (O'C^Ta^O'C) 



HM6168HLP Series 



Parameter 


Symbol 


Test Conditions 


mm 


typ 


max 


Unit 


Vcc for Data- Retention 


Vo* 




2.0 


- 


- 


V 


Data Retention Current 


IcCDH 


C5£ Vcc -0.2V 
V,.^ Vcc -0.2V or 
0VSV..S0.2V 


- 


- 


30* 
20* • 


M 


Chip Deselect to Data Retention Time 


tea* 





- 


- 


ns 


Operation Recovery Time 


t« 


l«t«i. 


- 


- 


ns 



Note ' 1. I «i - Reri Cycle Time. 



• Vcc-3.0V 
** Vet -2.0V 



• LOW Vcc DATA RETENTION WAVEFORM 



I 




DATA RETENTION MODE 




CS^Vrc-02V 
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HM6268P Series 



Preliminary 



4096-word x 4-bit High Speed Static CMOS RAM 

■ FEATURES 

• Single 5V Supply and High Density 20 Pin Package. 

• High Speed: Fast Access Time 25/35ns (max.) 

• Low Power Standby and Low Power Operation 

lOOjuWtyp. (Standby), 250mWtyp. (Op.). 

• Completely Static Memory: No Clock or Timing 
Strobe Required 

• Equal Access and Cycle Times 

• Directly TTL Compatible - All Inputs and Outputs 

■block diagram 





IPIN ARRANGEMENT 



a 5 |T 

A 6 [T 
A,[7 

\»[T 
x»[7 

cs[T 



Tb] Az 

■3,, 

7b] \ 
j5]| 0, 

TT]i'(h 
77] vvT 



(Top View) 



■ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to GND 


V, H 


-3.5* to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


T.„ 


to +70 


*C 


Storage Temperature 


T.„ 


-55 to +125 


*c 


Temperature under Bias 


r»... 


-10 to +85 


*c 



* Pulse Width 20ns. DC- -0.5V 



■TRUTH TABLE 



(Top View) 



"cs~ 


WE 


Mode 


Vcc Current 


I/O Pin 


Ref . Cycle 


H 


X 


Not Selected 


Isb, Isb\ 


HighZ 


- 


L 


H 


Read 


Ice 


Dout 


Read Cycle 


L 


L 


Write 


Ice 


Din 


Write Cycle 



Note) The specifications of this device are subject to change without notice. 

Please contact your nearest Hitachi's Sales Dept. regarding specifications. 
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-HM6268P Series 



■RECOMMENDED OPERATING CONDITIONS ( Ta = to +70°C ) 



Parameter 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input High (logic 1) Voltage 


VlH 


2.2 


- 


6.0 


V 


Input Low (logic 0) Voltage 


VlL 


-3.0* 


- 


0.8 


V 



* Pulse width 10ns, DC -0 5V 



■DC AND OPERATING CHARACTERISTICS ( Vcc = W ±10%, GND = 0V, Ta- 


= 0to +70°C) 






Parameter 


Symbol 


Test Condition 


mm 


typ 


max 


Unit 


Input Leakage Current 


1 In 1 


Vcc = MAX V„ = GNDto Vcc 


- 


- 


20 


AiA 


Output Leakage Current 


1 lL0\ 


CS= Vih, V//o=GNDto Vcc 


- 


- 


10 


tiA 


Operating Power Supply Current 


Ice 


CS= V/t,///o = 0mA 


- 


50 


90 


mA 


Standby Power Supply Current 


ISB 


CS=V/ H 


- 


15 


25 


mA 


Standby Power Supply Current (1) 


ISBI 


CS2? Vcc -0.2V, V/A-^0.2Vor Vin^ Vcc -0.2V 


- 


02 


10 


mA 


Output Low Voltage 


Vol 


7o/.=8mA 


- 




04 


V 


Output High Voltage 


Voh 


/oh =- 4.0mA 


24 




- 


V 


Note 1. Typical limits are at Vcc = 5 0V, Ta= + 

■CAPACITANCE ( Ta=2S'C,f= 


25"C and specified loading 

= 1.0MHz) 








Parameter 


Svmbol 


Test Conditions 


mm 


max 


Unit 


Input Capacitance 


ClN 


V/a=0V 




6 


pF 


Input/Output Capacitance 


Cilo 


V//o = 0V 




9 


pF 



Note- This parameter is sampled and not 100% tested 

■AC CHARACTERISTICS ( Vcc = 5V ±10%, Ta = to +70°C, unless otherwise noted.) 

• AC Test Conditions Input and Output timing reference levels: 1.5V 

Input pulse levels: GND to 3.0V Output load: See Figure 

Input rise and fall times: 5ns 




Dout 



-T-30PF* 



255G< 



77T 



:5 P f* 



* Including scope and jig. 
Output Load (A) 



Output Load (B) 
(for tffZ, tLZ, tWZ & tOW) 
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HM6268P Series 



• READ CYCLE 



Parameter 


Symbol 


HM6268P-25 


HM6268P-35 


Unit , 


min 


max 


min 


max 


Read Cycle Time 


tRC 


25 


- 


35 


- 


ns 


Address Access Time 


tAA 


- 


25 


- 


35 


ns 


Chip Select Access Time 


tACS 


- 


25 


- 


35 


ns 


Output Hold from Address Change 


tOH 


5 


- 


5 


- 


ns 


Chip Selection to Output in Low Z ^ 


thZ* 


10 


- 


10 


- 


ns 


Chip Deselection to Output in High Z 


tHZ* 





15 





20 


ns 


Chip Selection to Power Up Time 


tpu 





- 





- 


ns 


Chip Deselection to Power Down Time 


tpD 


- 


25 


- 


25 


ns 



* Transition is measured ±200mV from steady state voltage with Load (B) 
This parameter is sampled and not 100% tested 



e Timing Waveform of Read Cycle No. 1 (1) ' (2) 



X 



Mxm 



3C 



n 



e Timing Waveform of Read Cycle No. 2 (1) ' (3) 





^ 


S 


7' 








M tACS 






tHZ 




til 










- /\A AAAA 


V Data Valid / H.*h 


D..ui 




H.gh Impedance \/\A AA/V 




tpi 








tPD 




Imped- 
ance 
















In 
Current 




) 


~ 50% 






50% 


\ 





Notes: 1. WE is High for Read Cycle. 

2. Device is continuously selected, CS = Vji. 

3. Address Valid prior to or coincident with CS transition Low. 

• WRITE CYCLE 





Symbol 


HM6268P-25 


HM6268P-35 


Unit 




min 


max 


min 


max 


Write Cycle Time 


twc 


25 


- 


35 


- 


ns 


Chip Selection to End of Write 


* tew 


20 


- 


30 


- 


ns 


Address Valid to End of Write 


tAK 


20 


- 


30 


- 


ns 


Address Setup Time 


tAS 





- 





- 


ns 


Write Pulse Width 


tv,p 


20 


- 


30 


- 


ns 


Write Recovery Time 


tWR 





- 





- 


ns 


Data Valid to End of Write 


tDW 


12 


- 


20 


- 


ns 


Data Hold Time 


tDH 





- 





- 


ns 


Write Enabled to Output in High Z 


tnz* 





8 





10 


ns 


Output Active from End of Write 


tow* 





- 





- 


ns 



* Transition is measured ± 200mV from steady state voltage with Load (B) 
This parameter is sampled and not 100% tested 
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- HM6268P Series 



• Timing Waveform of Write Cycle No. 1 (WE Controlled) 



3C 



\^a 



3C 



mmmML 



w 



*®E 



((((((((((a -* 



y 



w- 



I 



»E 



• Timing Waveform of Write Cycle No. 2 (CS Controlled) 



3C 



\\\\\\\\\\\\V 



v 



^e 



y 



X 



//////////////// 



1XXXXXSXXX 



xxxxxxxx 



High Impedance (4) 



Notes: 1. A write occurs during the overlap of ajow CS and a low WE. (t\\rp). 

2. twR is measured from the earlier of CS or WE going high to the end of write cycle. 

3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs 
must not be applied. 

4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 
buffers remain in a high impedance state. 

5. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to 
the outputs must not be applied to them. 

6. Dout is the same phase of write data of this write cycle. 
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HM6268LP Series 



Preliminary 



4096-word x 4-bit High Speed Static CMOS RAM 

■FEATURES 

• Single 5V Supply and High Density 20 Pin Package. 

• High Speed: Fast Access Time 25/35ns (max.) 

• Low Power Standby and Low Power Operation 
5jliW typ. (Standby), 250mW typ. (Op.). 

• Completely Static Memory: No Clock or Timing 
Strobe Required 

• Equal Access and Cycle Times 

• Directly TTL Compatible - All Inputs and Outputs 

• Capable of Battery Back Up Operation 

■block diagram 





IPIN ARRANGEMENT 



\«{T 

■ uE 

rsE 



3>„ 

lb] \ 

IT] i "2 

TT} i o, 

J3M, 



(Top View) 



IABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to GND 


V IN 


-3.5* to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


T„. 


to +70 


*C 


Storage Temperature 


T.„ 


-55 to +125 


•c 


Temperature under Bias 


r,.„ 


-10 to +85 


*C 



* Puis* W.dth 20ns. DC--0 5V 



■TRUTH TABLE 



"cs~ 


WE 


Mode 


Vcc Current 


I/O Pin 


Ref Cycle 


H 


X 


Not Selected 


I SB, Isb\ 


HighZ 


- 


L 


H 


Read 


Ice 


Dout 


Read Cycle 


L 


L 


Write 


Ice 


Din 


Write Cycle 



Note) The specifications of this device are subject to change without notice. 

Please contact your nearest Hitachi's Sales Dept. regarding specification*: 
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-HM6268LP Series 



■RECOMMENDED OPERATING CONDITIONS ( Ta = to + 70°C ) 



Parameter 


Symbol 


mm 


typ 


max 


Unit 


Supply Voltage 


Vci 


4.5 


5 


5 5 


V 


GND 











V 


Input High (logic 1) Voltage 


VlH 


2.2 




60 


V 


Input Low (logic 0) Voltage 


Vn. 


-30* 


- 


08 


V 



* Pulse width 1 0ns. | DC 5V 

■DC AND OPERATING CHARACTERISTICS ( Vcc = 5V ±10%, GND = 0V, 7a = to +70°C ) 



Parameter 


Symbol 


Test Condition 


mm 


typ 


max 


Unit 


Input Leakage Current 


I lu 1 


Vcc-MAX V,.- GND to Va 






2.0 


^A 


Output Leakage Current 


i ii.o ; 


CS- V,h, V, o = GND to Vn 


- 




10 


ttA 


Operating Power Supply Current 


In 


CS= Vn.,1, o-0mA 




50 


90 


mA 


Standby Power Supply Current 


hH 


CS= V,h 




15 


25 


mA 


Standby Power Supply Current (1) 


hli\ 


CS^ Vcc -0 2V, V/\£0 2Vor V,s> Va 2V 




10 


50 


//A 


Output Low Voltage 


Vol 


7o/. = 8mA 




- 


4 


V 


Output High Voltage 


Voh 


I oh = - 4 0mA 


2 4 






V 


Note 1 Topical limits are at V« 5 0V. 7V/-- • 

■CAPACITANCE ( Ta=25°C,f= 


25°C and spec 

= 1.0MHz 


fied loading 

) 






Parameter 


Svmbol 


Test Conditions 


min 


max 


Unit 


Input Capacitance 


C/\ 


K/\ = 0V 




6 


pF 


Input Output Capacitance 


Ci 'n 


V, o-OV 




9 


pF 



Note This parameter is sampled and not 100% tested 



I AC CHARACTERISTICS ( Vcc = 5V±lO%, Ta = 0to +70°C, unless otherwise noted.) 



• AC Test Conditions 

Input pulse levels: GND to 3.0V 
Input rise and fall times: 5ns 



Input and Output timing reference levels: 1 .5V 
Output load: See Figure 




-j-30pF* 



777 

♦ Including scope and jig. 
Output Load (A) 



Dout 



255ft < 



:5pF* 



777 



Output Load (B) 
(for t HZ , tiz, tWZ & tOW) 
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HM6268LP Series - 



• READ CYCLE 



Parameter 


Symbol 


HM6268LP-25 


HM6268LP-35 


Unit 


mm 


max 


min 


max 


Read Cycle Time 


tRC 


25 


- 


35 


- 


ns 


Address Access Time 


tAA 


- 


25 


- 


35 


ns 


Chip Select Access Time 


tACS 


- 


25 


- 


35 


ns 


Output Hold from Address Change 


tOH 


5 


- 


5 


- 


ns 


Chip Selection to Output in Low Z 


til* 


10 


- 


10 


- 


ns 


Chip Deselection to Output in High Z 


tHZ* 





15 





20 


ns 


Chip Selection to Power Up Time 


tPl 





- 





- 


ns 


Chip Deselection to Power Down Time 


tPD 


- 


25 


- 


25 


ns 



* Transition is measured ±200mV from steady state voltage with Load (B) 
This parameter is sampled and not 100% tested 



Timing Waveform of Read Cycle No. 1 (1) « (2) 



X 



MEM 



3C 



3KZ 



• Timing Waveform of Read Cycle No. 2 (1),(3) 



N, 


^ 


^ r ~ 








— tACs 






tHZ 




III 










-/VXAAAA 


\ Data Valid / Hieh 




H,gh Impedance \/\AA/W 




Ipi 








tPD 




Imped 














/<< 


J 


'*)°o 






50% <^ 



Notes: 1. WE is High for Read Cycle. 

2. Device is continuously selected, CS = Vji. 

3. Address Valid prior to or coincident with CS transition Low. 

• WRITE CYCLE 



Parameter 


Symbol 


HM6268LP-25 


HM6268LP-35 


Unit 


mm 


max 


min 


max 


Write Cycle Time 


/tic 


25 


- 


35 




ns 


Chip Selection to End of Write 


tin 


20 


- 


30 




ns 


Address Valid to End of Write 


/4H 


20 


- 


30 


- 


ns 


Address Setup Time 


/4.S 





- 







ns 


Write Pulse Width 


/H/' 


20 




30 


- 


ns 


Write Recovery Time 


t\\K 





- 





- 


ns 


Data Valid to End of Write 


tow 


12 


- 


20 


- 


ns 


Data Hold Time 


tl)H 





- 





- 


ns 


Write Enabled to Output in High Z 


t\\y* 





8 





10 


ns 


Output Active from End of Write 


tow * 










- 


ns 



* Transition is measured ± 200m V from stead> state voltage with Load (B) 
This parameter is sampled and not 100% tested 
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HM6268LP Series 



• Timing Waveform of Write Cycle No. 1 (WE Controlled) 



X 



^Si 



3C 



gmmnm 



w 



-<SK 



(((((((((ad 



-c 



m 



I 



raE 



• Timing Waveform of Write Cycle No. 2 (CS Controlled) 



3C 



\WW\W\WW 



x. 



^C 



y 



X 



///////////////, 



xttooooaottxxxfr 



Hi^h Impedance (4' 



Notes: 1. A write occurs during the overlap of ajow CS and a low WE. (f^/p). 

2. r^/fl is measured from the earlier of CS or WE going high to the end of write cycle. 

3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs 
must not be applied. 

4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 
buffers remain in a high impedance state. 

5. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to 
the outputs must not be applied to them. 

6. Dout is the same phase of write data of this write cycle. 
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HM 6 2 68 LP Series- 



ILOW Vcc DATA RETENTION CHARACTERISTICS (O'C £ Ta£70'C) 



Parameter 


Symbol 


Test Conditions 


mm 


typ 


max 


Unit 


Vcc for Data Retention 


Von 




2.0 


- 


- 


V 


Data Retention Current 


IcCDH 


C5£V CC -0.2V 
V,.^ Vcc -0.2V or 
0VSV..S0.2V 


- 


- 


30* 
20" 


M 


Chip Deselect to Data Retention Time 


tcDK 





- 


- 


ns 


Operation Recovery Time 


t* 


/flto. 


- 


- 


ns 



Note 1. t«i-Re«d Cycle Time 



* Kc-3 0V 
** Vet -2.0V 



• LOW Vcc DATA RETENTION WAVEFORM 




DATA RETENTION MODE 
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HM6167P Series 



1 6384-word X1 -bit High Speed Static CMOS RAM 

■FEATURES 

• Single +5V Supply and High Density 20 Pin Package 

• Fast Access Time - 85ns/100ns 

• Low Power Stand-by and Low Power Operation 

Stand-by 100juW Typ. and Operating 150mW Typ. 

• Completely Static Memory No Clock nor Refresh Required 

• Fully TTL Compatible - All Inputs and Output 

• Separate Data Input and Output Three State Output 

• Pin-Out Compatible with Intel 2167 Series 

■BLOCK DIAGRAM 




emory Arra 
128X128 



Vcc 
GND 



Column Decoder 



h a a k k & k 



IABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage with Respect to GND 


Vt 


-0.5* to +7.0 


V 


Power Dissipation 


Pr 


1.0 


W 


Operating Temperature 


Topr 


to +70 


*C 


Storage Temperature 


T, tt 


-55 to +125 


X 


Storage Temperature** 


T,igibt<u) 


-10 to +85 


•c 



• Pulse width 20ns ' -3 5V ••under bias 

■ RECOMMENDED DC OPERATING CONDITIONS 

(0°C^ra^70°C) 



Item 


Symbol 


mm 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input High Voltage 


V,H 


2.2 


- 


6.0 


V 


Input Low Voltage 


V,L 


-3.0* 


- 


0.8 


V 




IPIN ARRANGEMENT 




(Top View) 



I 



• Pulse width 20ns. DC : Vil 
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HM6167P Series- 



■TRUTH 


TABLE 










QS 


WE 


Mode 


Vcc Current 


Output Pin 


Reference Cycle 


H 


X 


Not Selected 


I SB, I SB l 


High Z 




L 


H 


Read 


Ice 


Dout 


Read Cycle 1 , 2 


L 


L 


Write 


Ice 


HighZ 


Write Cycle 1, 2 



■DC AND OPERATING CHARACTERISTICS (Vcc = 5V±10%, Ta=0t) to +7013) 



Item 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input Leakage Current 


\Iu\ 


Vcc = 5.5V, V IN -0V~~Vcc 


- 


- 


2 


M 


Output Leakage Current 


\ho\ 


CS-=V,„, VW-0V~Vcc 


- 


- 


2 


M 


Operating Power Supply Current 


Ice 


CS-Va, Output Open 


- 


30 


60 


mA 




I SB 


cs-v,„ 


- 


5 


20 


mA 


Standby Power Supply Current 


/.., 


CS-Vcc-0.2V 

V; W ^0.2V or V',n^Vcc-0.2V 


- 


0.02 


2 


mA 


Output Low Voltage 


Vol 


Iol" 8mA 


- 


- 


0.4 


V 


Output High Voltage 


' VoH 


Ion— —4 mA 


2.4 


- 


- 


V 



Note) Typical limits are at Vcc-5.0V. Ta-25X2 and specified loading 

■AC TEST CONDITIONS 



Input pulse levels: GND to 3.0V 
Input rise and fall times: 5 ns 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V 
Output load: See Figure 



Output Load A 



Output Load B 

( for titz, tLZ, twz & to 



* Including scope and jig 



■ CAPACITANCE {Ta = \ 


25°C, /= 


= 1.0MHz) 




Item 


Symbol 


max 


Unit 


Conditions 


Input Capacitance 


C,N 


5 


pF 


v, w «ov 


Output Capacitance 


COUT 


6 


P F 


VOUT-OV 



Note) This parameter is sampled and not 100% tested 

■ AC CHARACTERISTICS ( Vcc = 5 V± 10%, Ta = 0°C to 70°C, unless otherwise noted.) 
•READ CYCLE 



Item 


Symbol 


HM6167P-6 


HM6167P-8 


Unit 


mm 


max 


min 


max 


Read Cycle Ti me 


tRt 


85 


- 


100 


- 


ns 


Address Access Time 


tAA 


- 


85 


- 


100 


ns 


Chip Select Access Time 


t ACS 


- 


85 


- 


100 


ns 


Output Hold from Address Change 


t()H 


5 


" 


5 


- 


ns 


Chip Selection to Output in Low Z 


tLA 


5 


- 


5 


- 


ns 


Chip Deselection to Output in High Z 


tH/. 





40 





40 


ns 


Chip Selection to Power Up Time 


tn 





- 





- 


ns 


Chip Deselection to Power Down Time 


tl'U 


- 


40 


- 


45 


ns 
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HM6167P Series 



• WRITE CYCLE 



Item 


Symbol 


HM6167P-6 


HM6167P-8 


Unit 


Notes 


min 


max 


min 


max 


Write Cycle Time 


twc 


85 


- 


100 


- 


ns 


2 


Chip Selection to End of Write 


ten 


65 


- 


80 


-- 


ns 




Address Valid to End of Write 


tw 


65 


- 


80 




ns 




Address Setup Time 


/4* 





- 





- 


ns 




Write Pulse Wjdth 


twp 


45 


- 


55 




ns 




Write Recover} Time 


t\\R 





- 







ns 




Data Valid to End of Write 


t D\\ 


35 


- 


40 




ns 




Data Hold Time 


tDH 





- 





- 


ns 




Write Enable to Output in High Z 


tnz 





40 





40 


ns 


3,4 


Output Active from End of Write 


ton 





- 





- 


ns 


3,4 



Notes) 1 If CS goes high simultaneouly with WE high, the output remains in a high impedance state 

2 All Write Cycle timings are referenced from the last valid address to the first transitioning address 

3 Transition is measured ±500mV from steady state voltage with specified loading in Load B 

4 This parameter is sampled and not 100% tested 



I 



• TIMING WAVEFORM OF READ CYCLE NO.1 



zx 



Data Out Prtviout Data Valid 



EXXXX 



X 



• TIMING WAVEFORM OF READ CYCLE NO. 2 



1),3) 





^ 


^ ? 






CS 


I 




lACt 




. (3) 




lu m 










High lm>t 


d.„c. 


to) 


C Dm Valid 


> 


High laved 












-12. 








"• - 




Carrot 


Ice 
If 


? 


fsoK 








50*J 


\ 



NOTES: 1. WE is high and ^S is low for READ cycle. 

2. Addresses valid prior to or coincident with CS transition low. 

3. Transition is measured ±500mV from steady state voltage with 
specified loading in Load B. 
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HM6167P Series - 



• TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE Controlled) 



zx 



cs 



m 



Data Out Data tM«liM4 



)C 



2Z 



1& / 



z 



X 



c 



NOTE: I. Transition is measured ±500mV from steady state voltage with 
specified loading in Load B. 

• TIMING WAVEFORM OF WRITE CYCLE No. 2 (CS Controlled) 



Z)( 



T 



WWW 



Dtti Undefmtd 



A High lr 



3 r 



.r 



7~7V 



Note) Transition is measured ±500mV from steady state voltage with specified loading in Load B. 



SUPPLY CURRENT vs. SUPPLY VOLTAGE 

1.6 r 

i 1.4 



<3 









7«=25*C 








^ 



































4.75 5.0 5.25 

Supply Voltage Vfcc (V) 



SUPPLY CURRENT vs. AMBIENT TEMPERATURE 









Vcc = 5.0V 











































20 40 60 

Ambient Temperature Ta CO 
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- HM61 67P Series 



ACCESS TIME vs. 
SUPPLY VOLTAGE 



1.3 
15 l2 

E 

S 1.1 



£ 



IjO 



*- 0.9 

1 ., 



0.7 









Ta=2SX: 


*^ 









































45 4 75 5.0 5.25 

Supply Voltage Vcc (V) 



ACCESS TIME vs. 
AMBIENT TEMPERATURE 



ID 



>- 0.9 



0.7 









Vcc « 5.0V 











































20 40 60 BO 

Ambient Temperature To CO 



ACCESS TIME vs. 
LOAD CAPACITANCE 



! 1.4 









^ 
























To = 25'C 
Vcc = MIN 



















100 200 300 40< 

Load Capacitance O. (pF) 



SUPPLY CURRENT vs. 
FREQUENCY 



1J 
\2 
1.1 
1.0 
0.9 
0.8 
0,7 































































Frequency / ( MHz) 



INPUT LOW VOLTAGE vs. 
SUPPLY* VOLTAGE 



E 11 









7o = 25'C 











































4.75 5.0 5 25 

Supply Voltage Vcc (V) 



INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 












Ta = 2S'C 











































4 75 5.0 5.25 

Supply Voltage Vcc (V) 
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HM6167P Series _ 



OUTPUT HIGH CURRENT vs. 
OUTPUT HIGH VOLTAGE 



OUTPUT LOW CURRENT vs. 
OUTPUT LOW VOLTAGE 



1.6 



■g 

l " 

J 

S 10 









7o = 25*C 
Vcc = 5V 


> 







































































ro = 25*C 
Vrr = 5V 



















Output High Voltage Voh (V) 



Output Low Voltage Vol (V) 



STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 









Wc=3V 
CS=2 8V 



















20 40 60 80 

Ambient Temperature Ta CO 



STANDBY CURRENT vs. 
SUPPLY VOLTAGE 







































CS=Wi-0 2V 











Supply Voltage Vcc (V) 



STANDBY CURRENT vs. 
INPUT VOLTAGE 













7o = 
Vcc* 
CS= 


IS'C 
■5.0 V 
4.8 V 
































1 

























Input Voltage V,. (V) 
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HM6167LP Series 



16384- word X1- bit High Speed Static CMOS RAM 

■ FEATURES 

• Single +5V Supply and High Density 20 Pin Package 

• Fast Access Time 85ns/100ns 

• Low Power Stand-by and Low Power Operation 

Stand-by 5/aW (typ) and Operating 150mW (typ.) 

• Completely Static Memory No Clock or Refresh Required 

• Fully TTL Compatible All Inputs and Output 

• Separate Data Input and Output Three State Output 

• Capable of Battery Back up Operation 

■BLOCK DIAGRAM 




D,„ [> 



Column Decoder 



T^ 



F1TOTH 



An Aio A» A* A? A« As 



■ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage with Respect to GND 


Vt 


-0.5* to +7.0 


V 


Power Dissipation 


Pr 


1.0 


W 


Operating Temperature 


To,r 


to +70 


•c 


Storage Temperature 


Tmb 


-55 to +125 


•c 


Storage Temperature** 


Titgibuu) 


-10 to +85 


•c 




I 



Vcc 








GND 


■ PIN ARRANGEMENT 




Ao(T 


^ 


]o]Vcc 




a.e 




iD A,J 




At[T 




TTJAit 


Dout 


Aj(T 




TTJAu 




A«[T 




7T]a,» 




As[T 




"iT|a» 




A.[T 




1T\a» 




Dout J8 




TT[a7 




r E (T 




77] Dm 




GNDJjo" 




TTJcs 




(Top View) 





• Pulse width 20ns -3 5V * * under bias 

■RECOMMENDED DC OPERATING CONDITIONS ( o C^Ta^70°C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input High Voltage 


VlH 


2.2 


- 


6.0 


V 


Input Low Voltage 


V,L 


-3.0* 


- 


0.8 


V 



• Pulse width 20ns. DC. Vil min= -0 3V 
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HM6167LP Series- 



■TRUTH 


TABLE 










cs 


WE 


Mode 


V C c Current 


Output Pin 


Reference Cycle 


H 


X 


Not Selected 


I SB, I SB I 


High Z 




L 


H 


Read 


Ice 


Dout 


Read Cycle 1, 2 


L 


L 


Write 


Ice 


High Z 


Write Cycle 1, 2 



IDC AND OPERATING CHARACTERISTICS ( Vcc = 5 V± 10%, Ta=0- + 70*C) 



Item 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input Leakage Current 


\Iu\ 


Vcc-5.5V VJn«0V~Vcc 


- 


- 


2 


M 


Output Leakage Current 


\ho\ 


CS-V/«, V..-0V~Vcc 


- 


- 


2 


M 


Operating Power Supply Current 


lee 


CS-V/l, Output Open 


- 


30 


60 


mA 




hB 


cs-v,« 


- 


5 


20 


mA 


Standby Power Supply Current 


IsBl 


CS-Vcc-0.2V 

V,*£0.2V or K/,v£ Vcc -0.2V 


- 


• 


50 


M 


Output Low Voltage 


Vol 


hf 8mA 


- 


- 


0.4 


V 


Output High Voltage 


Voh 


Ioh—— 4 mA 


2.4 


- 


- 


V 



Note) Typical limits are at V C c-i 0V. ro-25'C and specified loading 

■AC TEST CONDITIONS 

Input pulse levels: GNO to 3.0V 
Input rise and fall times: 5 ns 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V 
Output load: See Figure 



Output Load A 

+ 5V 



Output Load B 

(for /«*, ti.z, twz & tow) 



* Including scope and )ig. 



■CAPACITANCE (ra=25°C,/=1.0MHz) 




Item 


Symbol 


max 


Unit 


Conditions 


Input Capacitance 


ClN 


5 


P F 


v, w -ov 


Output Capacitance 


CoUT 


6 


pF 


vw-ov 



Note) This parameter is sampled and not 100% tested 

■AC CHARACTERISTICS (r a = 0°C to +70°C, Vcc = 5V± 10%, unless otherwise noted.) 
• READ CYCLE 



Item 


Symbol 


HM6167LP-6 


HM6167LP-8 


Unit 


min 


max 


min 


max 


Read Cycle Time 


tac 


85 


- 


100 


- 


ns 


Address Access Time 


t AA 


- 


85 


- 


100 


ns 


Chip Select Access Time 


tACS 


- 


85 


- 


100 


ns 


Output Hold from Address Change 


t()H 


5 


- 


5 


- 


ns 


Chip Selection to Output in Low Z 


t LZ 


5 


- 


5 


- 


ns 


Chip Deselection to Output m High Z 


tnz 





40 





40 


ns 


Chip Selection to Power Up Time 


tPL 





- 





- 


ns 


Chip Deselection to Power Down Time 


tPD 


- 


40 


- 


45 


ns 
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HM6167LP Series 



• TIMING WAVEFORM OF READ CYCLE NO.1 



zx 



Prtvioaa Data Valid 




K 



• TIMING WAVEFORM OF READ CYCLE NO. 2 



D.3) 



/ 



75T 



<XXX 



Carraat 



fee 
/» 



I 



t'so 



NOTES: I. WE is high and C3 is low for READ Cycle. 

2. Addresses valid prior to or coincident with ??S transition low. 

3. Transition is measured ±500mV from steady state voltage with 
specified loading B. 



• WRITE CYCLE 



Item 


Symbol 


HM6167LP-6 


HM6167LP-8 


Unit 


Notes 


mm 


max 


mm 


max 


Write Cycle Time 


twe 


85 


- 


100 


- 


ns 


2 


Chip Selection to End of Write 


tew 


65 


- 


80 


- 


ns 




Address Valid to End of Write 


tAW 


65 


- 


80 


- 


ns 




Address Setup Time 


tAS 





- 





- 


ns 




Write Pulse Width 


twp 


45 


- 


55 


- 


ns 




Write Recovery Time 


tWR 





- 





- 


ns 




Data Valid to End of Write 


tDH 


35 


- 


40 


- 


ns 




Data Hold Time 


tDH 





- 





- 


ns 




Write Enable to Output in High Z 


twz 





40 





40 


ns 


3,4 


Output Active from End of Write 


ton 





- 





- 


ns 


3,4 



Notes) 1. If CS goes high simulUneouly with WE high, the output remains in a high impedance state. 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 

• TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE Controlled) 






X 



X 



am 



^Sl 



x 



Data Out Data Undefin 



> 



/ 



X 



c 
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HM6167LP Series - 



• TIMING WAVEFORM OF WRITE CYCLE No. 2 (CS Controlled) 



zx 



X 



www 



Dm In Valid 



Dm Undefined 



y 



.( 



TTT 



ILOW Vcc DATA RETENTION CHARACTERISTICS (Ta-O'C to 70°C) 



Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Vcc for Data Retention 


Von 


CS£Vcc-0.2V 
K,^Vcc-0.2V or 
OV£K.£0.2V 


2.0 


- 


- 


V 


Data Retention Current 


IcCDR 


- 


- 


20* 


MA 


- 


- 


30" 


Chip Deselect to Data Retention Time 


tcDR 





- 


- 


ns 


Operation Recovery Time 


t* 


tRC* 


- 


- 


ns 



ILOW Vcc DATA RETENTION WAVEFORM 




& t*c — Read Cycle Time 



Data Retention Mode 



* Vcc-2.0V 
*» Vcc-3.0V 
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HM6167HP Series 



16384-word x 1-bit High Speed Static CMOS RAM 

■ FEATURES 

• Fast Access Time HM6167HP-55 55ns (max) 

HM6167HP-70 70ns (max) 

• Low Power Standby and Low Power Operation 

Standby 100/iW (typ), Operating 200mW (typ) 

• Single +5V Supply and High Density 20 Pin Package 

• Completely Static Memory ... .No Clock nor Refresh Required 

• Fully TTL Compatible All Inputs and Output 

• Separate Data Input and Output Three State Output 

■ BLOCK DIAGRAM 





Memory Array 
UK x 128 



raim 



■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage with respect to GND 


Vt 


-3.5* to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


Topr 


Oto +70 


°C 


Storage Temperature 


Tstg 


-55 to +125 


°C 


Storage Temperature (under bias) 


Tbias 


-10 to +85 


°C 



i PIN ARRANGEMENT 



* Pulse Width 20ns, DC: -0.5V 

■ RECOMMENDED DC OPERATING CONDITIONS (T a = to +70°C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


Vm 


2.2 


- 


6.0 


V 


Vil 


-3.0* 


- 


0.8 


V 




(Top View) 



* Pulse Width: 20ns, DC: V lL (min) = -0.5V 
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HM6167HP Series 
■ TRUTH TABLE 



cs 


WE 


Mode 


V C c Current 


Dout Pin 


Ref. Cycle 


H 


X 


Not selected 


1st, ls»\ 


High-Z 




L 


H 


Read 


Ice 


Dout 


Read Cycle 


L 


L 


Write 


Ice 


High-Z 


Write Cycle 



■DC AND OPERATING CHARACTERISTICS (V CC -5V ±10%, Ta-Ot 


to +70£) 








Item 


Symbol 


Test Conditions 


HM6167HP-55 


HM6167HP-70 


Unit 


mm 


typ 


max 


min 


typ 


max 


Input Leakage Current 


l/i/ 1 


Vcc = 5.5V, V,n = 0V~ Vcc 


- 


- 


2 


- 


- 


2 


M 


Output Leakage Current 


l/i-o 1 


CS= Vih, VW=0V~ Vcc 


- 


- 


2 


- 


- 


2 


fiA 


Operating Power Supply Current 


Ice 


CS= Vil, Output Open 


- 


40 


80 


- 


30 


60 


mA 




IsB 


CS=Vm 


- 


10 


20 


- 


5 


20 


mA 


Standby Power Supply Current 


ISB\ 


CS^ Vcc -0.2V 
Vin^0.2Vot Vin> Vcc-02V 


- 


0.02 


2 


- 


0.02 


2 


mA 


Output Low Voltage 


Vol 


IoL = 8mA 


- 


- 


0.4 


- 


- 


0.4 


V 


Output High Voltage 


Voh 


Ioh = — 4mA 


24 


- 


- 


24 


- 


- 


V 



Note) Typical limits arc at Vcc-5.0V. Ta-25t and specified loading. 



■AC TEST CONDITIONS 

Input pulse levels: GND to 3.0V 
Input rise and fall times: 5 ns 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V 
Output load: See Figure 



Output Load A 

+ 5V 



1- 



*1 



Output Load B 

( for tH2, *tz, twz & tow) 



i- 



q 



* Including scope and )ig. 



* Including scope and )ig. 



■CAPACITANCE (To- J 


fc'C. /- 


-1.0MHz) 






Item 


Symbol 


typ 


max 


Unit 


Conditions 


Input Capacitance 


ClH 


- 


5 


pF 


v,*-ov 


Output Capacitance 


Cour 


- 


7 


pF 


Vocr-OV 



Note) This parameter is sampled and not 100% tested. 
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HM6167HP Series 



■AC CHARACTERISTICS ( Vcc -5 V± 10%, Ta -0 # C to 70 # C, unless otherwise noted.) 
• READ CYCLE 



Item 


Symbol 


HM6I67HP-55 


HM6I67HP-70 


Unit 


Notes 


min 


max 


min 


max 


Read Cycle Time 


tRC 


55 


- 


70 


- 


ns 


(1) 


Address Access Time 


tAA 


- 


55 


- 


70 


ns 




Chip Select Access Time 


tACS 


- 


55 


- 


70 


ns 




Output Hold from Address Change 


tOH 


5 


- 


5 


- 


ns 




Chip Selection to Output in Low Z 


tLZ 


5 


- 


5 


- 


ns 


(2) (3) (7) 


Chip Deselection to Output in High Z 


tHZ 





30 





35 


ns 


(2) (3) (7) 


Chip Selection to Power Up Time 


tPU 





- 





- 


ns 




Chip Deselection to Power Down Time 


tPD 


- 


30 


- 


35 


ns 





I 



NOTES: 1. All Read Cycle timing are referenced from last valid address to the first transitioning address. 

2. At any given temperature and voltage condition, t HZ max. is less than t LZ min. both for a given device and 
from device to device. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4. WE is High for READ cycle. _ 

5. Device is continuously selected, CS = V JL . 

6. Addresses valid prior to or coincident with CS transition low. 

7. This parameter is sampled and not 100% tested. 



• TIMING WAVEFORM OF READ CYCLE NO.1 4) * 5 > 

tRC- 



Address 



ZX 



^ ^. * Previous Data 
Data Out Valid 



- X AA «- 

» f OH*t 

^sTa!a"W V V Y 



X 



Data Valid 



• TIMING WAVEFORM OF READ CYCLE N0.2 4 ) 6 ) 

*RC 



CS 



Data Out 



-tLZ 

High Impedance 



. t A cs ^ 

ipedance| /y Ww""" 



, Icc 
*e Supply 

Current ! SB 



Data Valid 







High Impedance 
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HM6167HP Series 



• WRITE CYCLE 



Item 


Symbol 


HM6167HP-55 


HM6167HP-70 


Unit 


Notes 


min 


max 


min 


max 


Write Cycle Time 


twc 


55 


- 


70 


- 


ns 


(2) 


Chip Selection to End of Write 


tew 


50 


- 


55 


- 


ns 




Address Valid to End of Write 


tAW 


50 


- 


55 


- 


ns 




Address Setup Time 


tAS 





- 





- 


ns 




Write Pulse Width 


twp 


35 


- 


40 


- 


ns 




Write Recovery Time 


tWR 





- 





- 


ns 




Data Valid to End of Write 


tDW 


25 


- 


30 


- 


ns 




Data Hold Time 


tDH 





- 





- 


ns 




Write Enable to Output in High Z 


twz 





25 





30 


ns 


(3) (4) 


Output Active from End of Write 


tow 





- 





- 


ns 


(3) (4) 



NOTES: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance states. 

2. All write cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 

• TIMING WAVEFORM OF WRITE CYCLE (WE Controlled) 

t wc 



Address 
CS 

WE 
Data In 



Z>( 



m 



-tew- 



£L 



\~tAS- 



^ 



Y 



-t W p- 



-tpw- 



Data In Valid 



-twz- 



TL. 



A 



*DH 



—t W 



Data Out Data Undefined 



' High Impedance 



fc 



• TIMING WAVEFORM OF WRITE CYCLE (CS Controlled) 

twc 



Address ) ^ 

CS - 



Us 



X 



tew 



y 



f AW 



WE 



Data In 



Data Out 



WWW 



f DW 



*WR 



fTTT 



tDH 



Data In Valid 



twz 



Data Undefined 



High Impedance 
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HM6167HP Series 



SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 



- 12 
E 
I 









Ta = 25'C 











































4 75 5 5 25 

Supply Voltage Vcc (V) 



SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 



a i 2 

e 









Vtc = 5.0V 











































Ambient Temperature Ta CO 



ACCESS TIME vs. 
SUPPLY VOLTAGE 



10 



H 09 

"* 08 

07 









7a = 25'C 











































4 75 5 5 25 

Supply Voltage Vcc (V) 



ACCESS TIME vs. 
AMBIENT TEMPERATURE 



E li 



,! 09 









Vfcc=5 0V 











































Ambient Temperature Ta CO 



access Time vs. 
load capacitance 





16 






















14 










E 












1.2 










.2 










J 












* 


1.0 










H 






















s 


0.8 










< 











200 300 400 

Load Capacitance ft (pF) 



SUPPLY CURRENT vs. 

FREQUENCY C ycle Time (ns) 

200 100 66 50 40 



- 10 

J o, 

I M 

u 

* 0.7 

«/> 

06 































































10 15 20 25 

Frequency / (MHz) 
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HM6167HP Series - 



INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 



1.3 



1 h2 
E 
I 1-1 



10 



_3 09 









ro = 25*C 











































4 75 5 5 25 

Supply Voltage Vcc (V) 



INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 









r = 25*C 











































4.75 5 5 25 5 5 

Supply Voltage Vcc (V) 



OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 



16' 

1 14 
I 
I 12 

? io 



\ 






r a =25t 

Vcc=5V 


1 









































OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 

































7a = 25-C 
Vrc=5V 



















Output High Voltage V 0H (V) 



Output Low Voltage Vol ( V) 



STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 



5 IO"' 









Vec=3V 
CS=28V 



















STANDBY CURRENT vs. 
SUPPLY VOLTAGE 









/ 








/ 






















Ta 


*25*C 

= Vcc -0 2V 











Ambient Temperature 7o CO 



Supply Voltage Vcc (V) 
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HM6167HP Series 



STANDBY CURRENT vs. 
INPUT VOLTAGE 



~ 8 

•8 



S 

I 6 













r "■■■ 

25*C 
»5.0V 
4.8V 
















\ 


y 






















i 


2 3 


< 




6 



I 



Input Voltage V,. (V) 
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HM6167HLP Series 



16384-word x 1-bit High Speed Static CMOS RAM 

■ FEATURES 

• Fast Access Time HM6167HLP-55 55ns (max) 

HM6167HLP-70 70ns (max) 

• Low Power Standby and Low Power Operation 

Standby 5juW (typ) and Operating 200mW (typ) 

• Capable of Battery Back-up Operation 

• Single +5V Supply and High Density 20 Pin Package 

• Completely static Memory 

No Clock or Timing Strobe Required 

• Equal Access and Cycle Times 

• Directly TTL Compatible All Inputs and Output 

■ BLOCK DIAGRAM 




Memory Arra y 
128X128 



Vcc 
GND 



Column Decoder 



K M MKKMM 



■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage with respect to GND 


V T 


-3.5* to +7.0 


V 


Power Dissipation 


Pt 


1.0 


w 


Operating Temperature 


Topr 


to +70 


°c 


Storage Temperature 


T s tg 


-55 to +125 


°c 


Storage Temperature Under Bias 


Tbi'as 


-10 to +85 


°c 



* Pulse Width 20ns, DC: -0.5V 

■ RECOMMENDED DC OPERATING CONDITIONS (T a = to +70°C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


Vm 


2.2 


- 


6.0 


V 


Vil 


-3.0* 


- 


0.8 


V 




i PIN ARRANGEMENT 




(Top View 



* Pulse Width 20ns, DC: V lL min = -0.5V 
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HM6167HLP Series 



I TRUTH TABLE 



cs 


WE 


Mode 


Vcc Current 


Dout Pin 


Ref. Cycle 


H 


X 


Not selected 


/ S 0, ISBI 


High-Z 




L 


H 


Read 


Ice 


Dout 


Read Cycle 


L 


L 


Write 


Ice 


High-Z 


Write Cycle 



■DC AND OPERATING CHARACTERISTICS ( Vcc-5V±10%, Ta-0~+70'C) 






Item 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input Leakage Current 


I /«l 


Vcc-5.5V V^-OV-Vcc 


- 


- 


2 


M 


Output Leakage Current 


I ho I 


CS-V,*, V.,-0V~Vcc 


i — 


- 


2 


M 


Operating Power Supply Current 


Ice 


CS-V/l. Output Open 


- 


40 


80 


mA 




hB 


CS-V,* 


- 


10 


20 


mA 


Standby Power Supply Current 


ISBI 


CS-Vcc-0.2V 

V,*£0.2V or 1//n£Vcc-0.2V 


- 


1 


50 


M 


Output Low Voltage 


V 0L 


/oi — 8mA 


- 


- 


0.4 


V 


Output High Voltage 


Voh 


Ion - — 4 mA 


2.4 


- 


- 


V 



I 



Note) Typical limits arc »t Vcc -5 0V. Ta-2S'C and specified loading. 

■AC TEST CONDITIONS 

Input pulse levels: GND to 3.0V 
Input rise and fall times: 5 ns 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V 
Output load: See Figure 



Output Load A 




Output Load B 

(for tHZ, tu, twz & tow) 



* Including scope and jig. 



n 



£ 4800 



* Including scope and jig. 



Note) This parameter is sampled and not 100% tested 

■AC CHARACTERISTICS (Ta-O'C to +70*C, Vcc- 5V± 10%, unless otherwise noted.) 
• READ CYCLE 



■CAPACITANCE (ra-25'C,/-lMHz) 






Item 


Symbol 


typ. 


max 


Unit 


Conditions 


Input Capacitance 


Cm 


- 


5 


pF 


V.m-QV 


Output Capacitance 


CoVT 


- 


7 


pF 


vw-ov 



Item 


Symbol 


HM6167HLP-55 


HM6167HLP-70 


Unit 


Notes 


min 


max 


min 


max 


Read Cycle Time 


tRC 


55 


- 


70 


- 


ns 


(1) 


Address Access Time 


tAA 


- 


55 


- 


70 


ns 




Chip Select Access Time 


UCS 


- 


55 


- 


70 


ns 




Output Hold from Address Change 


tOH 


5 


- 


5 


- 


ns 




Chip Selection to Output in Low Z 


tLZ 


5 


- 


5 


- 


ns 


(2) (3) (7) 


Chip Selection to Output in High Z 


tHZ 





30 





30 


ns 


(2) (3) (7) 


Chip Selection to Power Up Time 


tpu 





- 





- 


ns 




Chip Deselection to Power Down Time 


tPD 


- 


30 


- 


35 


ns 





NOTES: 1. All Read Cylce timing are referenced from last valid address to the first transitioning address. 

2. At any given temperature and voltage condition, t HZ max. is less than t L z min. both for a given device and 
from device to device. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4. WE is High for READ cycle. _ 

5. Device is continuously selected, CS = V IL . 

6. Addresses valid prior to or coincident with CS transition low. 

7. This parameter is sampled and not 100% tested. 
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HM6167HLP Series 



• TIMING WAVEFORM OF READ CYCLE NO. 1 4> 5) 

t RC - 



Address 



Data Out 



zx 



-'oh— 



-*AA- 



Previous Data > 
Valid 



XXXX^i 



• TIMING WAVEFORM OF READ CYCLE N0.2 4)6) 



CS 



- f RC- 



Data Out 



Vcc Supply 



High Impedance 



ZJ^J£ CS ^\ 



*PU 



a<xxx 



x 



/ 



Data Valid 



Current y &L. 



7 



50% 



High Impedance 




• WRITE CYCLE 



Item 


Symbol 


HM6167HLP-55 


HM6167HLP-70 


Unit 


Notes 


min 


max 


min 


max 


Write Cycle Time 


twc 


55 


- 


70 


- 


ns 


(2) 


Chip Selection to End of Write 


tew 


50 


- 


55 


- 


ns 




Address Valid to End of Write 


tAW 


50 


- 


55 


- 


ns 




Address Setup Time 


tAS 





- 





- 


ns 




Write Pulse Width 


twp 


35 


- 


40 


- 


ns 




Write Recovery Time 


tWR 





- 





- 


ns 




Data Valid to End of Write 


tDW 


25 


- 


30 


- 


ns 




Data Hold Time 


tDH 





- 





- 


ns 




Write Enable to Output in High Z 


twz 





25 





30 


ns 


(3) (4) 


Output Active from End of Write 


tow 





- 





- 


ns 


(3) (4) 



NOTES: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance states. 

2. All Write Cycle timings are referenced from the last valid address to the first transitions address. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 

• TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE Controlled) 



Address 




Dout 
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HM6167HLP Series 



• TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS Controlled) 

twc 



Address 



zx 



-*AW- 



-Us^ 



CS 



WE 



Din 



Dout 



T 



- f cw- 



X 



-t WP - 



7 



A 



f DW- 



X 



Data in Valid 



X 



*DH 



-*wz- 



J 



High Impedance 



I 



■LOW Vcc DATA RETENTION CHARACTERISTICS ( Ta - 0°C to 70*C ) 



Parameter 


Symbol 


Test Condition 


mm 


typ 


max 


Unit 


Vcc for Data Retention 


Von 


CS£Vcc-0.2V 
K.SVtc-0.2V or 
0V£K.£0.2V 


2.0 


- 


- 


V 


Data Retention Current 


IcCDH 


- 


- 


20* 


M* 


- 


- 


30" 


Chip Deselect to Data Retention Time 


tcDR 





- 


- 


ns 


Operation Recovery Time 


t* 


/AC* 


- 


- 


ns 



A tur — Read Cycle Tim* 

• LOW Vcc DATA RETENTION WAVEFORM 

Data Retention Mode 




CS ^K CC -0.2V 




* Vcc-2.0V 
** Vcf-3.0V 
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HM6267P Series 



16384-word x 1-bit High Speed Static CMOS RAM 



FEATURES 

High Speed: Fast Access Time 35/45ns (max.) 
Low Power Standby and Low Power Operation 

Standby: 0.1 mW (typ.), Operation: 200mW (typ.) 
Single 5V Supply and High Density 20 Pin Package 
Completely Static Memory No Clock or Timing Strobe Re- 
quired 
Equal Access and Cycle Time 
Directly TTL Compatible: All Input and Output 




BLOCK DIAGRAM 




r> — dou, 



K M K K K ii M 



PIN ARRANGEMENT 




KJ 




,[V 




2U | Vcc 


*.rr 




T7] a«3 


A*|T 




7*]\ii 


A 3 [T 




]D„ 


,.u 




7T] a.o 


As[T 




7T|^ 


A.rr 




77] a» 


13 out IT 




77] a? 


wi|T 




77] I) in 


CAufiu" 




77] cs 




(Top View) 





■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin* 


V T 


-0.5 to +7.0 


V 


Power Dissipation 


P T 


1.0 


W 


Operating Temperature 


*opr 


to +70 


°c 


Storage Temperature 


T stg 


-55 to +125 


°c 


Temperature Under Bias 


T bias 


-10 to +85 


°c 



* with respect to GND. V T min = -3.SV (Pulse width 20ns) 



i RECOMMENDED DC OPERATING CONDITIONS (T a = to +70°C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


Vih 


2.2 


- 


6.0 


V 


Vil 


-3.0* 


- 


0.8 


V 



* Pulse Width 20ns, DC: V IL min = -0.5V 



140 



HITACHI 

Hitachi America Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 • (408)435-8300 



-HM6267P Series 



| TRUTH TABLE 



cs 


WE 


Mode 


V C c Current 


Dout Pin 


Ref. Cycle 


H 


X 


Not selected 


IsB, IsB\ 


High-Z 




L 


H 


Read 


Ice 


Dout 


Read Cycle 


L 


L 


Write 


Ice 


High-Z 


Write Cycle 



DC AND OPERATING CHARACTERISTICS^ 1 )^,? = 5V ±10%< 2 ), GND = OV, T a = to +70°C) 



Item 


Symbol 


Test Conditions 


mm 


typ 


max 


Unit 


Input Leakage Current 


I/l/I 


V CC = 5.5V, V in = GND to V cc 


- 


- 


10 


MA 


Output Leakage Current 


I/loI 


CS=V IH , V out = GUDtoV cc 


- 


- 


10 


ma 


Operating Power Supply Current 


he 


CS = V IL , Output Open 


- 


40 


80(3) 


mA 


Standby Power Supply Current 


hB 


CS=K /H 


- 


10 


20 


mA 


ISBl 


CS^K CC -0.2V, K /N g0.2V or V IN ^V CC -0.2V 


- 


0.02 


2 


mA 


Output Voltage 


Vol 


I OL = 8mA 


_ 


- 


0.4 


V 


Vqh 


I OH = -4mA 


2.4 


- 


- 


V 



Notes) 1. Typical limits are at Vcc = 5V, T a = 25°C and specified loading. 

2. V C c = 5V±5% for 35ns version. 

3. 100mA max. for 35ns version. 



■ AC TEST CONDITIONS 

Input pulse levels: GND to 3.0V 

Input rise and fall times: 5ns 

Input and Output timing reference levels: 1.5V 

Output load: See Figure 



Output Load A 




* Including scope and jig. 



Output Load B 

(for tHi, tt.z, twz & tow) 



i. 



-r 



* Including scope and jig. 



■ CAPACITANCE (T a = 25°C,/= 1MHz) 








Item 


Symbol 


typ. 


max 


Unit 


Conditions 


Input Capacitance 


G* 


- 


5 


pF 


v,*-ov 


Output Capacitance 


CoVT 


- 


7 


P F 


Voc/r-0V 



Note) This parameter is sampled and not 100% tested 



■ AC CHARACTERISTICS (V cc ■ 
• READ CYCLE 



5V ± 10%*, T a = to 70°C, unless otherwise noted.) 



Item 


Symbol 


HM6267P-35 


HM6267P^5 


Unit 


Notes 


min 


max 


min 


max 


Read Cycle Time 


f fiC 


35 


- 


45 


- 


ns 


1 


Address Access Time 


r AA 


- 


35 


- 


45 


ns 




Chip Select Access Time 


*ACS 


- 


35 


- 


45 


ns 




Output Hold from Address Change 


x OH 


5 


- 


5 


- 


ns 




Chip Selection to Output in Low Z 


*LZ 


5 


- 


5 


- 


ns 


2,3,7 


Chip Deselection to Output in High Z 


f HZ 





30 





30 


ns 


2,3,7 


Chip Selection to Power Up Time 


f PU 





- 





- 


ns 




Chip Deselection to Power Down Time 


f PD 


- 


20 


- 


30 


ns 





* Vcc = 5V ± 5% for 35ns version. 
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HM6267P Series 



• TIMING WAVEFORM OF READ CYCLE NO. 1 4) 5) 

tRC- 



Address 



Data Out 



Z>( 



~ f OH— 



- f AA- 



Previous Data 
Valid 



aXXaj^ 



• TIMING WAVEFORM OF READ CYCLE NO. 2 4) 6) 



CS 



-tRC- 



Data Out 



Vcc Supply 



I— *lz. 
High Impedance 



-Ucs- 



l cc 



*PU 



^tax 



x 



; r 



Data Valid 



Current f SB A 



f PD 



l HZ 



High Impedance 



50% 



50%- 



NOTES: 1. All Read Cylce timing are referenced from last valid address to the first transitioning address. 

2. At any given temperature and voltage condition, t^z max- is less than t LZ min. both for a given device and 
from device to device. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4. WE is High for READ cycle. _ 

5. Device is continuously selected, CS = V IL . 

6. Addresses valid prior to or coincident with CS transition low. 

7. This parameter is sampled and not 100% tested. 



• WRITE CYCLE 



Item 


Symbol 


HM6267P-35 


HM6267P-45 


Unit 


Notes 


min 


max 


min 


max 


Write Cycle Time 


*wc 


35 


- 


45 


- 


ns 


2 


Chip Selection to End of Write 


f cw 


30 


- 


40 


- 


ns 




Address Valid to End of Write 


{ AW 


30 


- 


40 


- 


ns 




Address Setup Time 


Us 





- 





- 


ns 




Write Pulse Width 


{ WP 


20 


- 


25 


- 


ns 




Write Recovery Time 


t WR 





- 





- 


ns 




Data Valid to End of Write 


*DW 


20 


- 


25 


- 


ns 




Data Hold Time 


*DH 





- 





- 


ns 




Write Enabled to Output in High Z 


*WZ 





20 





25 


ns 


3,4 


Output Active from End of Write 


{ OW 





- 





- 


ns 


3,4 
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HM6267P Series 



• TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE Controlled) 

twc 



Address 



ZD( 



cs 



WE- 



x 



Si 



-*cw- 



-Us- 



tss: 



Din 



- f AW- 



j.\ 



-*wp- 



-*DW- 



Data in 
Valid 



"•-'WZ-*" 



Dout Data Undefined 



J\ 



-~- { DH 



A 



*- f oiy-^ 



\ High Impedance 



■c 



• TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS Controlled) 



Address 



Z)( 



- f wc- 



-*AW- 



- Us- 



CS 



Y 



- r cw- 



WE 



Din 



Dout 



wwwwwv 



-t w p- 



y 



-*DW- 



- ( WR- 



>£ 



X 



Data in Valid 



JK 



f DH 



- f wz- 



Data Undefined 



High Impedance 



NOTES: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance states. 

2. All Write Cycle timings are referenced from the last valid address to the first transitions address. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 
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HM6267P Series 



SUPPLY CURRENT VS. SUPPLY VOLTAGE SUPPLY CURRENT VS. AMBIENT TEMPERATURE 









Tn = 2')t 








^ 



































^ 10 

I 









Vcc = 5 0V 











































Supplv Voltage la fV> 



Ambient Temperature Ta ( °C ) 



ACCESS TIME VS. SUPPLY VOLTAGE 



ACCESS TIME VS. AMBIENT TEMPERATURE 









Tn =2<iX; 











































-. 1° 

i 









V'cr = 5 0V 











































SiippK Voltage W( (V ) 



20 10 60 80 

Ambient Temperature Tn ( 'C ) 



ACCESS TIME VS. LOAD CAPACITANCE 




100 L'OO 



SUPPLY CURRENT VS. FREQUENCY 



L'OO 100 ()6 50 "40 



*£ 



Load Capacitance ('/ <|>FI 



10 15 

Frequency /(MH/) 
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HM6267P Series 



INPUT LOW VOLTAGE VS. SUPPLY VOLTAGE INPUT HIGH VOLTAGE VS. SUPPLY VOLTAGE 



1.2 

J 

i n 









ra = 25*C 











































4 75 5 5 25 

Supply Voltage Vcc (V) 









Ta = 25t 











































Supply Voltage Vcc (V) 



OUTPUT CURRENT VS. OUTPUT VOLTAGE 



OUTPUT CURRENT VS. OUTPUT VOLTAGE 



J 10 





\ 




Ta = 25'C 
Vrr = 5V 




\ 








\ 
















\ 








\ 





































To = 25t 

Vcc-5V 



















Output Voltage Voh (V) 



Output Voltage Vol (V) 



STANDBY CURRENT VS. 
AMBIENT TEMPERATURE 









Vrc = 3V 

CS=2 8V 


















2 


4 


6 


» 



STANDBY CURRENT VS. SUPPLY VOLTAGE 









































Ta = 25t 
CS=Vcc-0 2V 
















) 6 



Ambient Temperature Ta ( TC ) 



Supply Voltage \>cc (V) 
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HM6267CG Series 



16384-word x 1-bit High Speed Static CMOS RAM 



■ FEATURES 

• High Speed: Fast Access Time 35/45ns (max.) 

• Low Power Standby and Low Power Operation 

Standby: 0.1 mW (typ.), Operation: 200mW (typ.) 

• Single 5V Supply 

• Completely Static Memory No Clock or Timing Strobe Re- 

quired 

• Equal Access and Cycle Time 

• Directly TTL Compatible: All Input and Output 




BLOCK DIAGRAM 

— u 



PIN ARRANGEMENT 




Row 
Decoder 



D,„ [> 



TO 3 



Memory Array 
128X128 



Column Decoder 



£> Dou, 



H K KKXKK 







Ai 


\o Vcc 


A. 3 








/ 


2 


y 


u 

20 


LJ 

19 


V. 




h 


133 










wc: 


At: 


A3 


134 










17 c: 


An 


A4 


135 










wc: 


Aio 


As 


I] 6 










isc- 


As 


At 


137 










Mr: 


At 


Dout 


138 










13 z: 


A7 




s 


9 10 
11 n 


11 

n 


12 
n 


r 








WEGNDCSDm 










(Top View) 







ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin* 


V T 


-0.5 to +7.0 


V 


Power Dissipation 


P T 


1.0 


W 


Operating Temperature 


*opr 


to +70 


°C 


Storage Temperature 


T 8tg 


-65 to +150 


°c 


Temperature Under Bias 


T bias 


-10 to +85 


°c 



' with respect to GND. y T min = -3.5V (Pulse width 20ns) 



i RECOMMENDED DC OPERATING CONDITIONS (T a = to +70°C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


Vih 


2.2 


- 


6.0 


V 


VlL 


-3.0* 


- 


0.8 


V 



♦ Pulse Width 20ns, DC: V lL min = -0.5V 
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HM6267CG Series 



| TRUTH TABLE 



cs 


WE 


Mode 


V C c Current 


Dout Pin 


Ref. Cycle 


H 


X 


Not selected 


IsB, I SB I 


H.gh-Z 




L 


H 


Read 


Ice 


Dout 


Read Cycle 


L 


L 


Write 


lee 


High-Z 


Write Cycle 



DC AND OPERATING CHARACTERISTICS* 1 )^^ = 5V ±10%< 2 \ GND = OV, T a = to +70°C) 



Item 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input Leakage Current 


I/l/I 


V CC = 5.5V, V in = GND to V CC 


- 


- 


10 


MA 


Output Leakage Current 


Mlo\ 


CS = V IH , V out = GND to V CC 


- 


- 


10 


ma 


Operating Power Supply Current 


he 


CS = V IL , Output Open 


- 


40 


80O) 


mA 


Standby Power Supply Current 


Isb 


CS=K /H 


- 


10 


20 


mA 


hBl 


CS^K CC -0.2V, K /N ^0.2V or F /N £K CC -0.2V 


- 


0.02 


2 


mA 


Output Voltage 


Vol 


Iol = 8mA 


- 


- 


0.4 


V 


Voh 


?OH ~ -4mA 


2.4 


- 


- 


V 



Notes) 1. Typical limits are at V cc = 5 V, T a = 25° C and specified loading. 
2- Vcc ~ 5V±5% for 35ns version. 
3. 100mA max. for 35ns version. 



■ AC TEST CONDITIONS 

Input pulse levels: GND to 3.0V 

Input rise and fall times: 5ns 

Input and Output timing reference levels: 1.5V 

Output load: See Figure 



Output Load A 

+ 5V 

< 48 

Dout O ♦ | 



-J 



* Including scope and jig. 



Output Load B 

(for Ihz, tiz, twz & tow) 



i 



£ 



< Including scope and jig. 



■ CAPACITANCE (T a = 25°C,/= 1MHz) 








Item 


Symbol 


typ. 


max 


Unit 


Conditions 


Input Capacitance 


C,H 


- 


5 


pF 


V,*-0V 


Output Capacitance 


CoUT 


- 


7 


pF 


Vour-OV 



Note) This parameter it sampled and not 100% tested. 

■ AC CHARACTERISTICS (V cc = 5V ± 10%*, T a 
• READ CYCLE 



: to 70°C, unless otherwise noted.) 



Item 


Symbol 


HM267CG-35 


HM6267CG45 


Unit 


Notes 


min 


max 


min 


max 


Read Cycle Time 


*RC 


35 


- 


45 


- 


ns 


1 


Address Access Time 


f AA 


- 


35 


- 


45 


ns 




Chip Select Access Time 


*ACS 


- 


35 


- 


45 


ns 




Output Hold from Address Change 


*OH 


5 


- 


5 


- 


ns 




Chip Selection to Output in Low Z 


*LZ 


5 


- 


5 


- 


ns 


2,3,7 


Chip Deselection to Output in High Z 


*HZ 





30 





30 


ns 


2,3,7 


Chip Selection to Power Up Time 


*PU 





- 





- 


ns 




Chip Deselection to Power Down Time 


*PD 


- 


20 


- 


30 


ns 





* Vcc - 5V ± 5% for 35ns version. 
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HM6267CG Series 



• TIMING WAVEFORM OF READ CYCLE NO. 1 4) 5) 



Address 



Data Out 



zx 



— tQH— 



-*AA- 



Previous Data 
Valid 



• TIMING WAVEFORM OF READ CYCLE NO. 2 4) 6) 



CS 



Data Out 



High Impedance 



-tRC- 



-*ACS- 



Icc 



tpu 



^xxx 



X 



XXX)HE^ 



? r 



Data Valid 



Vcc Supply p- 

Current '« / 50% 



f PD 



<HZ 



j 



High Impedance 



50%- 



NOTES: 1. All Read Cylce timing are referenced from last valid address to the first transitioning address. 

2. At any given temperature and voltage condition, r HZ m**- is less than t LZ min. both for a given device and 
from device to device. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4. WE is High for READ cycle. _ 

5. Device is continuously selected, CS = V lL . 

6. Addresses valid prior to or coincident with CS transition low. 

7. This parameter is sampled and not 100% tested. 



• WRITE CYCLE 



Item 


Symbol 


HM6267CG-35 


HM6267CG-45 


Unit 


Notes 


min 


max 


min 


max 


Write Cycle Time 


*wc 


35 


- 


45 


- 


ns 


2 


Chip Selection to End of Write 


t CVf 


30 


- 


40 


- 


ns 




Address Valid to End of Write 


*AW 


30 


- 


40 


- 


ns 




Address Setup Time 


Us 





- 





- 


ns 




Write Pulse Width 


f WP 


20 


- 


25 


- 


ns 




Write Recovery Time 


*WR 





- 





- 


ns 




Data Valid to End of Write 


*DW 


20 


- 


25 


- 


ns 




Data Hold Time 


*DH 





- 





- 


ns 




Write Enabled to Output in High Z 


*WZ 





20 





25 


ns 


3,4 


Output Active from End of Write 


*OW 





- 





- 


ns 


3,4 
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HM6267CG Series 
• TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE 


Con 


trolled) 












Address ^( ^ 




|— tew — 






a AW 


^V /////// 


'///////, 






t * ... — 


«*- r W7l-H 










'Ji. V¥ — 




\7e „.„ .„,, 








-\\\Y "" 7 






-• — *DW — "~ 




--—tDH 


Din 


\/_ Data in 
A Valid 


")( 




-*-'wz*- 




- 


{ ow-*~ 




\ 


High Impedance 


< 


Dout 


Data Undefined 


/ 











• TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS Controlled) 



Address 



zx 



-twe- 



-Uw- 



- Us- 



CS 



WE 



Din 



Dout 



'c 



- f cw- 



& 



-t WP - 



r 



f DW- 



3£ 



X 



iTL 



Data in Valid 



X 



l DH 



Data Undefined 



High Impedance 



NOTES: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance states. 

2. All Write Cycle timings are referenced from the last valid address to the fust transitions address. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 
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HM6267LP Series 



16384-word x 1-bit High Speed Static CMOS RAM 

■ FEATURES 

• High Speed: Fast Access Time 35/45ns (max.) 

• Low Power Standby and Low Power Operation 

Standby: 5//W (typ.), Operation: 220mW (typ.) 

• Single 5V Supply and High Density 20 Pin Package 

• Completely Static Memory No Clock or Timing Strobe Re- 

quired 

• Equal Access and Cycle Time 

• Directly TTL Compatible: All Input and Output 

• Capable of Battery Back Up Operation 

■ BLOCK DIAGRAM 




Memory ^rra 
128X128 



Column Decoder 



{> Dou. 



5TTSTIX8 




■ PIN ARRANGEMENT 




(Top View) 



■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin* 


V T 


-0.5 to +7.0 


V 


Power Dissipation 


P T 


1.0 


W 


Operating Temperature 


*opr 


to +70 


°c 


Storage Temperature 


T 8tg 


-55 to +125 


°c 


Temperature Under Bias 


T bias 


-10 to +85 


°c 



* with respect to GND. Vt min = -3.5V (Pulse width 20ns) 



i RECOMMENDED DC OPERATING CONDITIONS (T a = to +70°C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


Vih 


2.2 


- 


6.0 


V 


Vil 


-3.0* 


- 


0.8 


V 



* Pulse Width 20ns, DC: V lL min = -0.5V 
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HM6267LP Series 



I TRUTH TABLE 



cs 


WE 


Mode 


Vcc Current 


Dout Pin 


Ref. Cycle 


H 


X 


Not selected 


I SB, IsBi 


High-Z 




L 


H 


Read 


Ice 


Dout 


Read Cycle 


L 


L 


Write 


Ice 


High-Z 


Write Cycle 



DC AND OPERATING CHARACTERISTICS* 1 )^^ = 5V ±10%< 2 \ GND = OV, T a = to +70°C) 



Item 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input Leakage Current 


I/l/I 


V C C =5.5V, K in = GND to K cc 


- 


- 


10 


MA 


Output Leakage Current 


I/loI 


CS = V IH , V out = GND to V CC 


- 


- 


10 


ma 


Operating Power Supply Current 


J cc 


CS = V IL , Output Open 


- 


40 


80(3) 


mA 


Standby Power Supply Current 


ISB 


CS = V IH 


- 


10 


20 


mA 


J SB1 


C5^K CC -0.2V, K /iV g0.2Vor K /N ^K CC -0.2V 


- 


10 


50 


ma 


Output Voltage 


Vol 


Iql = 8mA 


- 


- 


0.4 


V 


Voh 


Iqh = -4mA 


2.4 


- 


- 


V 



Notes) 1. Typical limits are at V C c = 5V, T a = 25° C and specified loading. 

2. V C c ~ 5V±5% for 35ns version. 

3. 100mA max. for 35ns version. 



■ AC TEST CONDITIONS 

Input pulse levels: GND to 3.0V 

Input rise and fall times: 5ns 

Input and Output timing reference levels: 1.5V 

Output load: See Figure 



Output Load A 

+ 5V 




* Including scope and jig. 



Output Load B 

(for 1**, Ilz, twz & tow) 
+ 5V 

* 480Q 
Dout O • I 

255Q| -|~ 5pF# 



* Including scope and jig. 



CAPACITANCE (7^ = 25°C,/= 1MHz) 



Item 


Symbol 


typ. 


max 


Unit 


Conditions 


Input Capacitance 


C,H 


- 


5 


pF 


v,*-ov 


Output Capacitance 


CoUT 


- 


7 


pF 


Vot/r-OV 



Note) This parameter is sampled and not 100% tested 



■ AC CHARACTERISTICS (V cc 
• READ CYCLE 



5V ± 10%*, T a = to 70°C, unless otherwise noted.) 



Item 


Symbol 


HM6267LP-35 


HM6267LP-45 


Unit 


Notes 


min 


max 


min 


max 


Read Cycle Time 


{ RC 


35 


- 


45 


- 


ns 


1 


Address Access Time 


{ AA 


- 


35 


- 


45 


ns 




Chip Select Access Time 


r ACS 


- 


35 


- 


45 


ns 




Output Hold from Address Change 


r OH 


5 


- 


5 


- 


ns 




Chip Selection to Output in Low Z 


tLZ 


5 


- 


5 


- 


ns 


2,3,7 


Chip Deselection to Output in High Z 


t HZ 





30 





30 


ns 


2,3,7 


Chip Selection to Power Up Time 


f PU 





- 





- 


ns 




Chip Deselection to Power Down Time 


l PD 


- 


20 


- 


30 


ns 





Vcc = 5V ± 5% for 35ns version. 
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HM6267LP Series - 



• TIMING WAVEFORM OF READ CYCLE NO. 1 4) 5) 

'/IC- 



Address 



Data Out 



IX 



~'o//~ 



~ f AA- 



Previous Data 
Valid 



Kxxr^^ 



x 



• TIMING WAVEFORM OF READ CYCLE NO. 2 4)6) 



CS 



Data Out 




High Impedance 



High Impedance 



Vcc Supply [7- 

Current '« / 50% 



NOTES: 1. All Read Cylce timing are referenced from last valid address to the first transitioning address. 

2. At any given temperature and voltage condition, t HZ max. is less than t LZ min. both for a given device and 
from device to device. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4. WE is High for READ cycle. _ 

5. Device is continuously selected, CS = V IL . 

6. Addresses valid prior to or coincident with CS transition low. 

7. This parameter is sampled and not 100% tested. 



• WRITE CYCLE 



Item 


Symbol 


HM6267LP-35 


HM6267LP-45 


Unit 


Notes 


min 


max 


min 


max 


Write Cycle Time 


f wc 


35 


- 


45 


- 


ns 


2 


Chip Selection to End of Write 


*cw 


30 


- 


40 


- 


ns 




Address Valid to End of Write 


f AW 


30 


- 


40 


- 


ns 




Address Setup Time 


Us 





- 





- 


ns 




Write Pulse Width 


*WP 


20 


- 


25 


- 


ns 




Write Recovery Time 


*WR 





- 





- 


ns 




Data Valid to End of Write 


*DW 


20 


- 


25 


- 


ns 




Data Hold Time 


*DH 





- 





- 


ns 




Write Enabled to Output in High Z 


*WZ 





20 





25 


ns 


3,4 


Output Active from End of Write 


f OW 





- 





- 


ns 


3,4 
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HM6267LP Series 



• TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE Controlled) 
*wc 



Address 



CS 



WE- 



Din 



Dout 



x 



y. 



& 



- f cw- 



j.i 



-'AS — 



-*AW- 



7 



X 



-t DW - 



Data in 
Valid 



Data Undefined 



X 



-*DH 



—-tow-*- 



\ High Impedance 



K. 



TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS Controlled) 



Address 



zx 



-*wc- 



- l AW- 



CS 



WE 



Din 



Dout 



T 



- f cw- 



^z 



-t WP - 



y 



A 



{ DW- 



X 



3C 



Data in Valid 



r DH 



3C 



-twz- 



Data Undefined 



High Impedance 



NOTES: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance states. 

2. All Write Cycle timings are referenced from the last valid address to the first transitions address. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 



<P HITACHI 

Hitachi America Ltd. • 2210 OToole Avenue • San Jose, CA 95131 • (408) 435-8300 



153 



HM6267LP Series" 



ILOW Vcc DATA RETENTION CHARACTERISTICS (<TC £ Ta£7Q'C) 



Parameter 


Symbol 


Test Conditions 


mm 


typ 


max 


Unit 


Vcc for Data Retention 


Von 




2.0 


- 


- 


V 


Data Retention Current 


IcCDR 


C5£Vcc-0.2V 
V,.^ Vcc -0.2V or 
0V£V,.£0.2V 


- 


- 


30* 
20" 


M 


Chip Deselect to Data Retention Time 


tcDK 





- 


- 


ns 


Operation Recovery Time 


t* 


f*C.I> 


- 


- 


ns 



Note 1. < «t -Read Cycle Time. 



* Vtc-3.0V 
** Vcc -2.0V 



• LOW Vcc DATA RETENTION WAVEFORM 




DATA RETENTION MODE 




CS£V (( -0 2\ 
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HM6264P Series 



8192-word x 8-bit High Speed Static CMOS RAM 



100ns/120ns/150ns (max.) 
Standby: 0.1 mW (typ.) 
Operating: 200m W (typ.) 



■ FEATURES 

• Fast access Time 

• Low Power Standby 
Low Power Operation 

• Single +5V Supply 

• Completely Static Memory No clock or Timing Strobe Required 

• Equal Access and Cycle Time 

• Common Data Input and Output, Three State Output 

• Directly TTL Compatible: All Input and Output 

• Standard 28pin Package Configuration 

• Pin Out Compatible with 64K EPROM HN482764 

■ BLOCK DIAGRAM 




i ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage * 


VT 


-0.5** to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


7opr 


to +70 


°c 


Storage Temperature 


Tstg 


-55 to +125 


°c 


Storage Temperature (Under Bias) 


7Ws 


-10 to +85 


°c 



* With respect to GND. * * Pulse width 50ns: - 3 . V 
■ TRUTH TABLE 




■ PIN ARRANGEMENT 



(Top View) 



28] ^CC 
27) WE 
26]CS 2 
25] A, 
24] A, 
23] A,, 
22] OE 
2l]A 10 
20JCS, 
\9\llO, 
T8]l/0 7 

n] i/o 6 

T6]l/0 $ 
TJJl/O, 



WE 


cs; 


CS, 


OE 


Mode 


I/O Pin 


V cc Current 


Note 


X 


H 


X 


X 


Not Selected 
(Power Down) 


HighZ 


/SB, /SB1 




X 


X 


L 


X 


HighZ 


/SB, /SB2 




H 


L 


H 


H 


Output Disabled 


HighZ 


/CC, /CC1 




H 


L 


H 


L 


Read 


Dout 


/CC, /CC1 




L 


L 


H 


H 


Write 


Din 


/CC, /CC1 


Write Cycle (1) 


L 


L 


H 


L 


Din 


/CC, /CC1 


Write Cycle (2) 



X : H or L 
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HM6264P Series 



■ RECOMMENDED DC OPERATING CONDITIONS (T a = to +70° C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


Vih 


2.2 


- 


6.0 


V 


Vil 


-0.3* 


- 


0.8 


V 



* Pulse Width 50ns: -3.0V 
■ DC AND OPERATING CHARACTERISTICS (V C c = 5V±10%, GND = 0V, T a =0 to +70°C) 



Item Symbol 


Test Condition 


min 


typ* 


max 


Unit 


Input Leakage Current 


I/l/I 


^,„=GND to Vcc 


- 


- 


2 


mA 


Output Leakage Current 


i/LO> 


CS\ = V IH or CS2= Vil or 61= K/// orWE=F JL , 
V uo = GND to V CC 


- 


- 


2 


ma 


Operating Power Supply Current 


Ice 


C$l=Vi Lt CS2= Vih, 7//o=0mA 


- 


40 


80 


mA 


Average Operating Current 


feci 


Min. cycle, duty=100%, / //o =0mA 


_^ 


60 


110 


mA 




ISB 


CSl=^/HorCS2=^/L 


- 


1 


3 


mA 


Standby Power Supply Current 


ISBl** 


CSli^CC-0.2V,CS2^^cc-0.2VorCS2^0.2V 


- 


0.02 


2 


mA 




ISB2** 


CS2^0.2V 


- 


0.02 


2 


mA 


Output Voltage 


Vol 


/OL = 2.1mA 


- 


- 


0.4 


V 


VOH 


Ioh-- 1.0mA 


2.4 


- 


- 


V 



* Typical limits are at Kcc=5.0V, r a =25°C and specified loading. 
** K/ L min=-0.3V 

■ CAPACITANCE (/= 1MHz, T a = 25°C) 



Item 


Symbol 


Test Condition 


typ 


max 


Unit 


Input Capacitance 


Cin 


V in = 0V 


- 


6 


pF 


Input/Output Capacitance 


Q/o 


Vi/o = ov 


- 


8 


pF 



Note) This parameter is sampled and not 100% tested. 
■ AC CHARACTERISTICS (V cc = 5V±10%, Ta = to +70°C) 

► AC TEST CONDITIONS 

Input Pulse Levels 0.8 to 2.4V 
Input Rise and Fall Times: 10ns 
Input and Output Timing Reference Level 1 .5V 
Output Load 1TTL Gate and C[_ - 100pF (including scope and jig) 
• READ CYCLE 







Symbol 


HM6264P-10 


HM6264P-12 


HM6264P-15 


Unit 




min 


max 


min 


max 


min 


max 


Read Cycle Time 


tRC 


100 


- 


120 


- 


150 


- 


ns 


Address Access Time 


tAA 


- 


100 


- 


120 


- 


150 


ns 


Chip Selection to Output 


CS1 


tcoi 


- 


100 


- 


120 


- 


150 


ns 


CS2 


IC02 


- 


100 


- 


120 


- 


150 


ns 


Output Enable to Output Valid 


tOE 


- 


50 


- 


60 


- 


70 


ns 


Chip Selection to 


CS1 


tLZI 


10 


- 


10 


- 


15 


- 


ns 


Output in Low Z 


CS2 


tLZ2 


10 


- 


10 


- 


15 


- 


ns 


Output Enable to Output in Low Z 


tOLZ 


5 


- 


5 


- 


5 


- 


ns 


Chip Deselection to 


CS1 


tHZl 





35 





40 





50 


ns 


Output in High Z 


CS2 


tHZ2 





35 





40 





50 


ns 


Output Disable to Output in High Z 


tOHZ 





35 





40 





50 


ns 


Output Hold from Address Change 


tOH 


10 


- 


10 


- 


15 


- 


ns 



NOTES: 1 t HZ and t OHZ are defined as the time at which the outputs achieve the open circuit condition and are not referred 
to output voltage levels. 
2 At any given temperature and voltage condition, tHZ max is less than t LZ min both for a given device and from 
device to device. 
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HM6264P Series 



• READ CYCLE 



Address 



)( 



f RC- 



CS1 



~ f AA- 



ll 



- f coi- 



-*LZ1- 



CS2 



wmi 



-*C02- 



- f LZ2- 



»M 



Ml 



-tOE 



- f OLZ- 



Dout- 



■©( 



NOTE: 1) WE is high for Read Cycle 



• WRITE CYCLE 



X 



M 



1 



A 



Data Valid 



'JA 



- x HZl ~ 



S 



~ t HZ2~ 



~ f OHZ ~ 






I 







Symbol 


HM6264P-10 


HM6264P-12 


HM6264P-15 


Unit 




min 


max 


min 


max 


min 


max 


Write Cycle Time 


r wc 


100 


- 


120 


- 


150 


- 


ns 


Chip Selection to End of Write 


*cw 


80 


- 


85 


- 


100 


- 


ns 


Address Setup Time 


*AS 





- 





- 





- 


ns 


Address Valid to End of Write 


*AW 


80 


- 


85 


- 


100 


- 


ns 


Write Pulse Width 


*WP 


60 


- 


70 


- 


90 


- 


ns 


Write Recovery Time 


CS1.WE 


tWRl 


5 


- 


5 


- 


10 


- 


ns 


CS2 


r WR2 


15 


- 


15 


- 


15 


- 


ns 


Write to Output in High Z 


tWHZ 





35 





40 





50 


ns 


Data to Write Time Overlap 


tDW 


40 


- 


50 


- 


60 


- 


ns 


Data Hold from Write Time 


tDH 





- 





- 





- 


ns 


OE to Output in High Z 


f OHZ 





35 





40 





50 


ns 


Output Active from End of Write 


tow 


5 


- 


5 


- 


10 


- 


ns 
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HM6264P Series 



• WRITE CYCLE (1) (OE clock) 



)C 



• w/////, my 



^^^^^ 



cs2 V///////777777, 



X 



[4] 



.',,.[3] 



[f>! ',» 



i2ZZL '///////f 



'.wll, 



,„A\\\\W\\ V 



^^ 



s\\\\\\\\ k - 



T ^s W/// ^//A 



" )))))))))))^ 



-<X 



IWY 



• WRITE CYCLE (2) (OE Low Fix) 



)C 



-ss 



sxt 



1 



:/ 



-'.iK.u; 



■ "."■ .&]& 



wii> 



- )))))))))))) ^ 



-®( 



'.ml-* 



ZZ 






3^ 



' ///////, 



ss xwww 



■ete 



^®- 



NOTES: 1) A write occurs during the overlap of a low CS1, a high CS2 and a low 
WE. A write begins at the latest transition among CS1 going low, CS2 
going highland WE going low. A write ends atjhe earliest transition 
among CS1 going high, CS2 going low and WE going high. t W p is 
measured from the beginninng of w rite to the end of write. 

2) tew is measured from the later of CS1 going low or CS2 going high to 
the end of write. 

3) tAS is measured from the address valid to the beginning of write. 

4) t\vR is measured from the end of write to the address change. 
fvPjRi applies in case a write ends at CS1 or WE going high. 
*WR2 applies in case a write ends at CS2 going low. 

5) During this period, I/O pins are in the output state, therefore the input 
signals of opposite phase to the outputs must not be applied. 

6) If CS1 goes low simultaneously with WE going low or after WE going 
low, the outputs remain in high impedance state. 

7) Dout is the same phase of the latest written data in this write cycle. 

8) Doutjs the read data of next address. 

9) If CS1 is low and CS2 is high during this period, I/O pins are in the 
output state. Therefore, the input signals of opposite phase to the 
outputs must not be applied to them. 
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HM6264P Series 



SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 



SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 



B 

o 









Ta = 25*C 








^ 



































/^ l6 

4> 
N 

I 14 
O 

o 

. 10 

o 
o 



4 5 4.75 5 5 25 

Supply Voltage V cc (V) 









V C c = 5 0V 











































20 40 60 80 

Ambient Temperature T a (°C) 



SUPPLY CURRENT vs. FREQUENCY 



ACCESS TIME vs. LOAD CAPACITANCE 



1.1 






1 

200ns 


150ns 


120ns 1(X 


zed) 


"3 
6 












"3 
6 
o 


S 0.9 

e 












o 












^ 

3 


9 

U 

•S 0.6 

ex 

a 












E 
H 
3 












u 
o 

< 


0.5 





Freqi 


iency (N 


4Hz) 


i 1 


3 

































Ta = 25'C 
Vcr =MIN 



















Load Capacitance Cj, (pF) 



ACCESS TIME vs. SUPPLY VOLTAGE 



ACCESS TIME vs. 
AMBIENT TEMPERATURE 



g 
o 

v 
& 
H 
8 









7o = 25t 











































4.5 4 75 5 5.25 

Supply Voltage V cc (V) 



O 

O io 

$ 09 
4> 

6 

*"* 8 



< 07 









Vcc = 5 0V 











































20 40 60 80 

Ambient Temperature T a (*C) 
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HM6264P Series " 



INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 



INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 



5 









7a = 25*C 











































4 75 5 5 25 5 5 

Supply Voltage V cc (V) 



6 



E 

s 



> 



e 07 









Ta = 25*C 











































4 75 5.0 5.25 

Supply Voltage V C c (V) 



OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 



OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 









r a = 25'C 
Vcc=5V 











































o 

o 

































Ta = 25'C 

Vcc=5V 



















Output High Voltage V OH (V) 



Outut Low Voltage Vql ( v ) 
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HM6264FP Series 

8192-word x 8-bit High Speed Static CMOS RAM 



FEATURES 

High Density Small-sized Packaged 

Projection Area Reduced to One-Thirds of Conventional DIP 

Thickness Reduced to a Half of Conventional DIP 

High Speed: Fast Access Time 100/1 20/1 50ns (max) 

Single 5V Supply 

Low Power Standby and Low Power Operation 

Standby: 0.1 mW (typ.), Operation: 200mW (typ.) 
Completely Static RAM: No clock nor Timing Strobe Required 
Directly TTL Compatible: All Input and Output 
Equal Access and Cycle Time 



BLOCK DIAGRAM 



As ©_ 



Au e_ 
A..»- 



I* 



Row 
Decoder 



Memory Man 
256X256 



T£r 



A 



Data 
Control 



Column Decoder 



I ' 
I I 



Timing Pulse Gen 
Read Write Contro 



" 1 -£r J 



■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage * 


Vi 


-0.5** to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


7opr 


to +70 


°C 


Storage Temperature 


Tstg 


-55 to +125 


°C 


Storage Temperature (Under Bias) 


7bias 


-10 to +85 


°C 



* With respect to GND. ** Pulse width 50ns: -3.0V 
■ TRUTH TABLE 




(Top View) 



WE 


CS, 


CS 2 


OE 


Mode 


I/O Pin 


Vqq Current 


Note 


X 


H 


X 


X 


Not Selected 
(Power Down) 


HighZ 


/SB, /SB1 




X 


X 


L 


X 


HighZ 


/SB, /SB2 




H 


L 


H 


H 


Output Disabled 


HighZ 


/CC, /CC1 




H 


L 


H 


L 


Read 


Dout 


/CC, /CC1 




L 


L 


H 


H 


Write 


Din 


/CC, /CC1 


Write Cycle (1) 


L 


L 


H 


L 


Din 


/CC, /CC1 


Write Cycle (2) 



X HorL 
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HM6264FP Series 



i RECOMMENDED DC OPERATING CONDITIONS (T a = to +70°C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


Vih 


2.2 


- 


6.0 


V 


Vil 


-0.3* 


- 


0.8 


V 



* Pulse Width 50ns: -3.0V 
■ DC AND OPERATING CHARACTERISTICS (V C c = 5V±10%, GND = 0V, T a = to +70°C) 



Item 


Symbol 


Test Condition 


min 


typ* 


max 


Unit 


Input Leakage Current 


I/l/I 


r,n=GND to Vcc 


- 


- 


2 


MA 


Output Leakage Current 


i/loI 


CS!= Vm or CS2= Vil or OE= V IH or WE= V IL , 
K //0 = GND to V CC 


- 


- 


2 


ma 


Operating Power Supply Current 


Ice 


CS!=K/l, CS2=Vm, 7//o=0mA 


- 


40 


80 


mA 


Average Operating Current 


Icci 


Min. cycle, duty=100%, 7//o=0mA 


- 


60 


110 


mA 




ISB 


CSl=K///orCS2=K/L 


- 


1 


3 


mA 


Standby Power Supply Current 


ISBl** 


CSl^^CC-0.2V, CS2^K C c-0.2Vor CS2^0.2V 


- 


0.02 


2 


mA 




ISB2** 


CS2^0.2V 


- 


0.02 


2 


mA 


Output Voltage 


Vol 


Iol = 2. 1mA 


- 


- 


0.4 


V 


VOH 


fOH = - 1.0mA 


2.4 


- 


- 


V 



* Typical limits are at Vcc-5.0V, T a =25°C and specified loading. 
** K/Lmin=-0.3V 

■ CAPACITANCE (f= 1MHz, T a = 25°C) 



Item 


Symbol 


Test Condition 


typ 


max 


Unit 


Input Capacitance 


Cm 


V in = 0V 


- 


6 


pF 


Input/Output Capacitance 


Ci/o 


Vi/o = ov 


- 


8 


pF 



Note) This parameter is sampled and not 100% tested. 
■ AC CHARACTERISTICS (\Z C c = 5V±10%, 7a = to +70°C) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10ns 

Input and Output Timing Reference Level: 1 .5V 

Output Load: 1TTL Gate and C/_ = 100pF (including scope and jig) 

• READ CYCLE 



Item 




Symbol 


HM6264FP-10 


HM6264FP-12 


HM6264FP-15 


Unit 




min 


max 


min 


max 


min 


max 


Read Cycle Time 


tRC 


100 


- 


120 


- 


150 


- 


ns 


Address Access Time 


*AA 


- 


100 


- 


120 


- 


150 


ns 


Chip Selection to Output 


CS1 


*C01 


- 


100 


- 


120 


- 


150 


ns 


CS2 


K02 


- 


100 


- 


120 


- 


150 


ns 


Output Enable to Output Valid 


tOE 


- 


50 


- 


60 


- 


70 


ns 


Chip Selection to Output 


CS1 


tLZl 


10 


- 


10 


- 


15 


- 


ns 


in Low Z 


CS2 


*LZ2 


10 


- 


10 


- 


15 


- 


ns 


Output Enable to Output in Low Z 


tOLZ 


5 


- 


5 


- 


5 


- 


ns 


Chip Deselection to Output 


CS1 


*HZ1 





35 





40 





50 


ns 


in High Z 


CS2 


tHZ2 





35 





40 





50 


ns 


Output Disable to Output in High Z 


tOHZ 





35 





40 





50 


ns 


Output Hold from Address Change 


tQH 


10 


- 


10 


- 


15 


- 


ns 



NOTES: 1 t HZ and fo/fZ are defined as the time at which the outputs achieve the open circuit condition and are not referred 
to output voltage levels. 
2 At any given temperature and voltage condition, tHZ max is less than t LZ min both for a given device and from 
device to device. 
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-HM6264FP Series 



• READ CYCLE 



Address 



X 



- f RC- 



CS1\ 



WWWWWWWf 



- f AA" 



-tcoi- 



A 



m 



f LZl- 



CS2'> 



t C02- 



- f HZl- 



- t LZ2- 



OE 



£™ 



Ml 



- f OE 



- f OLZ- 



A 



~ t HZ2~ 



7zm 



Dout- 



■®( 



" f OHZ " 



Data Valid 






NOTE: 1) WE is high for Read Cycle 



• WRITE CYCLE 



Item 




Symbol 


HM6264FP-10 


HM6264FP-12 


HM6264FP-15 


Unit 




min 


max 


min 


max 


min 


max 


Write Cycle Time 


twc 


100 


- 


120 


- 


150 


- 


ns 


Chip Selection to End of Write 


tew 


80 


- 


85 


- 


100 


- 


ns 


Address Setup Time 


US 





- 





- 





- 


ns 


Address Valid to End of Write 


*AW 


80 


- 


85 


- 


100 


- 


ns 


Write Pulse Width 


*WP 


60 


- 


70 


- 


90 


- 


ns 


Write Recovery Time 


CS1,WE 


*WRl 


5 


- 


5 


- 


10 


- 


ns 


CS2 


tWR2 


15 


- 


15 


- 


15 


- 


ns 


Write to Output in High Z 


tWHZ 





35 





40 





50 


ns 


Data to Write Time Overlap 


*DW 


40 


- 


50 


- 


60 


- 


ns 


Data Hold from Write Time 


tDH 





- 





- 





- 


ns 


OE to Output in High Z 


tOHZ 





35 





40 





50 


ns 


Output Active from End of Write 


tow 


5 


- 


5 


- 


10 


- 


ns 
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HM6264FP Series - 



• WRITE CYCLE (1) (OE clock) 



>c 



7777777/ m 7 



\\\\W ^Sl 



■WZZMZMJ 



)C 



MZ ///////M 



- )))))))))))& 



<f 



^^^ 



W \\\\W 



IW ////////////// 



EK 



• WRITE CYCLE (2) (OE Low Fix) 



X 



^^fc 



-TZL 



~-A 



m 



Tzm 



^ \\\\\\\v 



5SSS 



))))))))))))m 



■<xx 



7///////, 



'/ 



3 



e^ 



^©- 
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NOTES: 1) A write occurs during the overlap of a low CS1, a h igh CS2 and a low WE. A write begins at the latest 
transiti on a mong CS1 going low, CS2 going high and WE going low. A write ends at the earliest transtion 
among CS1 going high, CS2 going low and WE going high, t\yp is measured from the beginning of write 
to the end of write. 

2) tew is measured from the later of CS1 going low or CS2 going high to the end of write. 

3) *AS is measured from the address valid to the beginning of write. 

4) twR is measured from the end of w rite t o t he ad dress change. 
f WR 1 applies in case a write ends at CS1 or WE going high. 
tWR2 applies in case a write ends at CS2 going low. 

5) During this period, I/O pins are in the output state> therefore the input signals of opposite phase to the 
outputs must not be applied. 

6) If CS1 goes low simultaneously with WE going low or after WE going low, the outputs remain in high 
impedance state. 

7) Dout is the same phase of the latest written data in this write cycle. 

8) D out is the read data of next address. 

9) If CS1 is low and CS2 is high during this period, I/O pins are in the output state. Therefore, the input 
signals of opposite phase to the outputs must not be applied to them. 
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HM6264LP Series 



8192 -word x 8-bit High Speed Static CMOS RAM 

■ FEATURES 

• Fast access Time 100ns/120ns/1 50ns (max.) 

• Low Power Standby Standby: 0.01mW(typ.) 
Low Power Operation Operating: 200m W (typ.) 

• Capability of Battery Backup Operation 

• Single +5V Supply 

• Completely Static Memory No clock or Timing Strobe Required 

• Equal Access and Cycle Time 

• Common Data Input and Output, Three State Output 

• Directly TTL Compatible: All Input and Output 

• Standard 28pin Package Configuration 

• Pin Out Compatible with 64K EPROM HN482764 

■ BLOCK DIAGRAM 




■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage * 


Vl 


-0.5 ** to +7.0 


V 


Power Dissipation 


PT 


1.0 


w 


Operating Temperature 


7opr 


to +70 


°c 


Storage Temperature 


7stg 


-55 to +125 


°c 


Storage Temperature (Under Bias) 


rbias 


-10 to +85 


°c 



* With respect to GND 
■ TRUTH TABLE 



** Pulse width 50ns- -3.0V 




PIN ARRANGEMENT 



nc(T 


*-^ 


28] ^CC 


A, a [7 




27) WE 


A, [7 




26]CS 2 


a 6 (T 




25] A 8 


A 5 [T 




24] A, 


A 4 [T 




23] A, , 


A 3 [T 




22] OE 


A 2 [T 




TlJA.o 


A,[T 




20JCS, 


A o [l0 




19jl/0. 


i/o,[n 




TSJ i/o 7 


I/0,|l2 




n] I /°6 


I/O s [l3 




TS|i/o s 


GND[l4 




Ts\i/o A 



(Top View) 



WE 


CS, 


CS, 


OE 


Mode 


I/O Pin 


Vqq Current 


Note 


X 


H 


X 


X 


Not Selected 
(Power Down) 


HighZ 


/SB, /SB1 




X 


X 


L 


X 


HighZ 


/SB. /SB2 




H 


L 


H 


H 


Output Disabled 


HighZ 


/CC, /CC1 




H 


L 


H 


L 


Read 


Dout 


/CC, /CC1 




L 


L 


H 


H 


Write 


Din 


/CC, /CC1 


Write Cycle (1) 


L 


L 


H 


L 


Din 


/CC, /CC1 


Write Cycle (2) 



X:HorL 
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HM6264LP Series - 



■ RECOMMENDED DC OPERATING CONDITIONS (T a = to +70°C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


Vm 


2.2 


- 


6.0 


V 


Vil 


-0.3* 


- 


0.8 


V 



* Pulse Width 50ns: -3.0V 
■ DC AND OPERATING CHARACTERISTICS (V C c = 5V±10%, GND = 0V, T a = to +70°C) 



Item 


Symbol 


Test Condition 


min 


typ* 


max 


Unit 


Input Leakage Current 


I/l/I 


K,n=GND to Vcc 


- 


- 


2 


»A 


Output Leakage Current 


l/LOl 


CS\ = V IH otCS2=V IL ot6E=V ih orWE=V/t, 
K //0 = GND to P'cc 


- 


- 


2 


nA 


Operating Power Supply Current 


Ice 


CSl^/L. CS2=Vih, ///o=0mA 


- 


40 


80 


mA 


Average Operating Current 


feci 


Min. cycle, duty=100%, 7//o = 0mA 


- 


60 


110 


mA 




ISB 


CSl=K///orCS2=^/L 


- 


1 


3 


mA 


Standby Power Supply Current 


ISBl** 


CSl^cc-0.2V, CS2^cc-0.2Vor CS2^0.2V 


- 


2 


100 


mA 




/SB2** 


CS2^0.2V 


- 


2 


100 


ma 


Output Voltage 


Vol 


Iol~ 2. 1mA 


- 


- 


0.4 


V 


VOH 


/OH=-l. 0mA 


2.4 


- 


- 


V 



* Typical limits are at Kcc=5.0V, r a =25°C and specified loading. 
** ^/z,min=-0.3V 



■ CAPACITANCE (/= 1MHz, T a = 25°C) 








Item 


Symbol 


Test Condition 


typ 


max 


Unit 


Input Capacitance 


Cin 


Vtn = 0V 


- 


6 


pF 


Input/Output Capacitance 


Q/o 


Vi/o = ov 


- 


8 


pF 



Note) This parameter is sampled and not 100% tested. 
■ AC CHARACTERISTICS (V C c = 5V±10%, Ta = to +70°C) 

• AC TEST CONDITIONS 

Input Pulse Levels 0.8 to 2.4V 

Input Rise and Fall Times. 10ns 

Input and Output Timing Reference Level: 1 .5V 

Output Load. 1TTL Gate and C/_ = 100pF (including scope and jig) 

• READ CYCLE 







Symbol 


HM6264LP-10 


HM6264LP-12 


HM6264LP-15 


Unit 




min 


max 


min 


max 


mm 


max 


Read Cycle Time 


tRC 


100 


- 


120 


- 


150 


- 


ns 


Address Access Time 


tAA 


- 


100 


- 


120 


- 


150 


ns 


Chip Selection to Output 


CS1 


tcoi 


- 


100 


- 


120 


- 


150 


ns 


CS2 


tC02 


- 


100 


- 


120 


- 


150 


ns 


Output Enable to Output Valid 


tOE 


- 


50 


- 


60 


- 


70 


ns 


Chip Selection to 


CS1 


tLZl 


10 


- 


10 


- 


15 


- 


ns 


Output in Low Z 


CS2 


tLZ2 


10 


- 


10 


- 


15 


- 


ns 


Output Enable to Output in Low Z 


tOLZ 


5 


- 


5 


- 


5 


- 


ns 


Chip Deselection to 


CS1 


tHZl 





35 





40 





50 


ns 


Output in High Z 


CS2 


l HZ2 





35 





40 





50 


ns 


Output Disable to Output in High Z 


tOHZ 





35 





40 





50 


ns 


Output Hold from Address Change 


tOH 


10 


- 


10 


- 


15 


- 


ns 



NOTES: 1 t HZ and tQHZ are defined as the time at which the outputs achieve the open circuit condition and are not referred 
to output voltage levels. 
2 At any given temperature and voltage condition, tHZ max is less than t L z mm both for a given device and from 
device to device. 
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-HM6264LP Series 



• READ CYCLE 



Address 



- f RC- 



X 



3( 



-*AA- 



CS1 



wwwwwwwv 



- f coi- 



-*LZ1- 



CS2 




tC02- 



*LZ2~ 



^IlWlfr 



tOE- 



- f OLZ- 



Dout « 



■sx 



i 



1 



^ 



;2 



Data Valid 



- f HZl- 



f HZ2- 



- x OHZ- 



— -'OH"—) 



NOTE : 1) WE is high for Read Cycle 



• WRITE CYCLE 







Symbol 


HM6264LP-10 


HM6264LP-12 


HM6264LP-15 


Unit 




mm 


max 


min 


max 


min 


max 


Write Cycle Time 


twc 


100 


- 


120 


- 


150 


- 


ns 


Chip Selection to End of Write 


tew 


80 


- 


85 


- 


100 


- 


ns 


Address Setup Time 


tAS 





- 





- 





- 


ns 


Address Valid to End of Write 


tAW 


80 


- 


85 


- 


100 


- 


ns 


Write Pulse Width 


twp 


60 


- 


70 


- 


90 


- 


ns 


Write Recovery Time 


CS1.WE 


tWRl 


5 


- 


5 


- 


10 


- 


ns 


CS2 


tWR2 


15 


- 


15 


- 


15 


- 


ns 


Write to Output in High Z 


tWHZ 





35 





40 





50 


ns 


Data to Write Time Overlap 


tDW 


40 


- 


50 


- 


60 


- 


ns 


Data Hold from Write Time 


tDH 





- 





- 





- 


ns 


OE to Output in High Z 


tOHZ 





35 





40 





50 


ns 


Output Active from End of Write 


tow 


5 


- 


5 


- 


10 


- 


ns 
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HM6264LP Series 



• WRITE CYCLE (1) <OE clock) 



>c 



" 77777777 m 7 



* .\\\\\\\\N \\\\N?ftv 



>// 



x 



7777777/ 7ZZ7L7Z7 



,7777 //////////, 



- ))))))))))m 



<z 



^^^ 



^^ N\\\\\\\ 



fim - /////////////A 



EK 



• WRITE CYCLE (2) (OE Low Fix) 



3( 



^^fc 



-7K 



-JUL 



um 



w?sm 



5S£ 



)))))))))))»» 



<xx 



y 



77777777, 



tim __ _ tDH 



■e^ 



^b^- 



NOTES. 1) A write occurs during the overlap of a low CS1, a h igh CS2 and a low WE. A write begins at the latest 
transiti on a mong CS1 going low, CS2 going high and WE going low. A write ends at the earliest transtion 
among CS1 going high, CS2 going low and WE going high. t\yp is measured from the beginning of write 
to the end of write. 

2) tew !s measured from the later of CS1 going low or CS2 going high to the end of write. 

3) MS ls measured from the address valid to the beginning of write. 

4) twR is measured from the end of w rite t o t he ad dress change. 
f WR 1 applies in case a write ends at CS1 or WE going high. 
tWR2 applies in case a write ends at CS2 going low. 

5) During this period, I/O pins are in the output state, therefore the input signals of opposite phase to the 
outputs must not be applied. 

6) If CS1 goes low simultaneously with WE going low or after WE going low, the outputs remain in high 
impedance state 

7) Dout is the same phase of the latest written data in this write cycle. 

8) D out is the read data of next address. 

9) If CS1 is low and CS2 is high during this period, I/O pins are in the output state. Therefore, the input 
signals of opposite phase to the outputs must not be applied to them. 
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HM6264LP Series 



LOW V C c DATA RETENTION CHARACTERISTICS (T a = to +70 °C) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Vcc *° r Data Retention 


Vdri 


csl£K cc -o.2v,cs2^ cc -o.2Vorcs2go.2v 


2.0 


- 


- 


V 


V DR2 


CS2 < 0.2V 


2.0 


- 


- 


V 


Data Retention Current 


ICCDRI 


V cc = 3.0V, CS1 > V cc - 0.2V, 
CS2 ^ V cc - 0.2V or CS2 ^ 0.2V 


- 


l 


50* 


M A 


lcCDR2 


V cc = 3.0V, CS2^ 0.2V 


- 


l 


50* 


mA 


Chip Deselect to Data Retention 
Time 


f CDR 


See Retention Waveform 





- 


- 


ns 


Operation Recovery Time 


tR 


'KC** 


- 


- 


ns 



* V lL min = -0.3V, 20mA max at r a = 0~40°C 
** t RC = Read Cycle Time 



I 



• LOW Vcc DATA RETENTION WAVEFORM (1) (CS1 Controlled) 

Data Retention Mode 




CS1^K CC -0.2V 




0V- 



• LOW Vcc DATA RETENTION WAVEFORM (2) (CS2 Controlled) 

Data Retention Mode 




CS2 < 0.2V 




NOTE: In Data Retention Mode, CS2 controls the Address, WE, CSl, OEand Din 
buffer. If CS2 controls data retention mode, Vin for these inputs can be in 
the high impedance state. If CSl controls the data retention mode, CS2 
must satisfy either CS2 > Vcc -0.2V or CS2 < 0.2V. The other input 
levels (address, WE, OE, I/O) can be in the high impedance state. 
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HM6264LP Series - 



SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 



SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 












Ta = 25"C 











































4 75 5 5 25 5 5 

Supply Voltage V cc (V) 



W 0.4 









Vcc = 5 0V 











































Ambient Temperature T fl (°C) 



SUPPLY CURRENT vs. 
FREQUENCY 



ACCESS TIME vs. 
LOAD CAPACITANCE 



fc 07 

3 

u 







1 1 

200ns 


150ns 


120ns 101 


ns 































































s 

u 

o 

s 14 
o 

4> 10 

6 
H 
3 0.8 

































ro = 25'C 
Vcc = MI N 



















Frequency (MHz) 



Load Capacitance C^ (pF) 



ACCESS TIME vs. 
SUPPLY VOLTAGE 



ACCESS TIME vs. 
AMBIENT TEMPERATURE 



o 









Ta = 25*C 











































4 5 4 75 5 5 25 

Supply Voltage V cc (V) 



O 
J? U 









Vcc = 5 0V. 











































Ambient Temperature T a (°0 
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HM6264LP Series 



INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 



INPUT HIGH VOLTAGE 
vs. SUPPLY VOLTAGE 



g 12 
O 

Z 



> 

2 









Ta = 25*C 











































6 12 






4.5 4 75 5.0 5 25 

Supply Voltage V cc (V) 









7a = 25'C 











































4 75 5 5 25 

Supply Voltage V cc (V) 



OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 



OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 



•a 
| 

o 

I, 









7a = 25'C 
Vcc = 5V 











































o 

^ i o 



O 04 

































7o = 25'C 
Vcc=SV 



















Output High Voltage V OH (V) 



Output Low Voltage V OL (V) 



STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 



STANDBY CURRENT vs. 
SUPPLY VOLTAGE 




6 12 



T = 25'C 

















































Ambient Temperature T a (°C) 



Supply Voltage V cc (V) 
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HM6264LFP Series 



8192-word x 8-bit High Speed Static CMOS RAM 

■ FEATURES 

High Density Small -si zed Packaged 

Projection Area Reduced to One-Thirds of Conventional DIP 

Thickness Reduced to a Half of Conventional DIP 

High Speed: Fast Access Time 100/120/150ns (max) 

Single 5V Supply 

Low Power Standby and Low Power Operation 

Standby: 10/iW (typ.), Operation: 200m W (typ.) 
Capability of Battery Back-up Operation 
Completely Static RAM: No clock nor Timing Strobe Required 
Directly TTL Compatible: All Input and Output 
Equal Access and Cycle Time 



BLOCK DIAGRAM 



A6 0— 



-&: 



I* 



Row 
Decoder 



Memory Matr 
2% X 2% 



a~ 



r£ 



Timing Pulse Gen 



^ 



i ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage * 


VT 


-0.5 ** to +7.0 


V 


Power Dissipation 


PT 


1.0 


W 


Operating Temperature 


7opr 


to +70 


°c 


Storage Temperature 


7stg 


-55 to +125 


°c 


Storage Temperature (Under Bias) 


Arias 


-10 to +85 


°c 



* With respect to GND. 
■ TRUTH TABLE 



** Pulse width 50ns: -3.0V 




PIN ARRANGEMENT 



nc(T 




28) ^CC 


A, a [J 




27] WE 


A 7 [T 




26] CS, 


A 6 (T 




25] A. 


A S [T 




24] A, 


A 4 (T 




HJA,, 


A, (7 




22] OE 


A, [7 




2lJ A, 


A.JT 




^)cs, 


A. (JO 




19] I/O, 


i/o.QT 




T5]i/o 7 


I/O a [j2 




n]i/o 6 


I/0,(J3 




Ti]i/o $ 


GND[J4 




15]l/0 4 



(Top View) 



WE 


cs; 


cs, 


OE 


Mode 


I/O Pin 


^CC Current 


Note 


X 


H 


X 


X 


Not Selected 
(Power Down) 


HighZ 


/SB, /SB1 




X 


X 


L 


X 


HighZ 


/SB, /SB2 




H 


L 


H 


H 


Output Disabled 


HighZ 


/CC, /CC1 




H 


L 


H 


L 


Read 


Dout 


/CC, /CC1 




L 


L 


H 


H 


Write 


Din 


/CC, /CC1 


Write Cycle (1) 


L 


L 


H 


L 


Din 


/CC, /CC1 


Write Cycle (2) 



X: Hor L 
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■ RECOMMENDED DC OPERATING CONDITIONS (T a = to +70°C) 



HM6264LFP Series 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


VlH 


2.2 


- 


6.0 


V 


VlL 


-0.3* 


- 


0.8 


V 



* Pulse Width 50ns: -3.0V 

i DC AND OPERATING CHARACTERISTICS (V C C : 



5V±10%, GND = 0V, T a = to +70°C) 



Item 


Symbol 


Test Condition 


min 


typ* 


max 


Unit 


Input Leakage Current 


l/L/l 


^,n=GND to Vcc 


- 


- 


2 


M 


Output Leakage Current 


l/LOi 


CS\ = Vih or CS2=Vi L or OE=Vih or WE = K /L , 
F J/0 = GNDorK cc 


- 


- 


2 


ma 


Operating Power Supply Current 


Ice 


CSI=Vil, CS2=^/h, 7//o=0mA 


- 


40 


80 


mA 


Average Operating Current 


Icci 


Min. cycle, duty=100%, 7//o = 0mA 


- 


60 


110 


mA 




ISB 


CSl=K///orCS2=^/ L 


- 


1 


3 


mA 


Standby Power Supply Current 


ISBl** 


CSl^^cc-0.2V, CS2^^cc-0.2Vor CS2^0.2V 


- 


2 


100 


uA 




ISB2** 


CS2^0.2V 


- 


2 


100 


ma 


Output Voltage 


Vol 


Iol- 2. 1mA 


- 


- 


0.4 


V 


VOH 


/o//=-10mA 


2.4 


- 


- 


V 



* Typical limits are at ^cc = 5.0V, 7 , a =25°C and specified loading. 
** K/Lmin=-0.3V 

■ CAPACITANCE (/= 1MHz, T a = 25°C) 



Item 


Symbol 


Test Condition 


typ 


max 


Unit 


Input Capacitance 


Cin 


V m = ov 


- 


6 


PF 


Input/Output Capacitance 


Clio 


Viio = ov 


- 


8 


pF 



Note) This parameter is sampled and not 100% tested. 
■ AC CHARACTERISTICS (V CC = 5V±10%, Ta = to +70°C) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 
Input Rise and Fall Times. 10ns 
Input and Output Timing Reference Level 1 .5V 
Output Load: 1TTL Gate and C^ = lOOpF (including scope and jig) 
• READ CYCLE 



Item 




Symbol 


HM6264LFP-10 


HM6264LFP-12 


HM6264LFP-15 


Unit 




min 


max 


min 


max 


min 


max 


Read Cycle Time 


*RC 


100 


- 


120 


- 


150 


- 


ns 


Address Access Time 


*AA 


- 


100 


- 


120 


- 


150 


ns 


Chip Selection to Output 


CS1 


tcoi 


- 


100 


- 


120 


- 


150 


ns 


CS2 


*C02 


- 


100 


- 


120 


- 


150 


ns 


Output Enable to Output Valid 


tOE 


- 


50 


- 


60 


- 


70 


ns 


Chip Selection to Output 


CS1 


*LZ1 


10 


- 


10 


- 


15 


- 


ns 


in Low Z 


CS2 


tLZ2 


10 


- 


10 


- 


15 


- 


ns 


Output Enable to Output in Low Z 


tOLZ 


5 


- 


5 


- 


5 


- 


ns 


Chip Deselection to 


CS1 


( HZ1 





35 





40 





50 


ns 


Output in High Z 


CS2 


<HZ2 





35 





40 





50 


ns 


Output Disable to Output in High Z 


*OHZ 





35 





40 





50 


ns 


Output Hold from Address Change 


*OH 


10 


- 


10 


- 


15 


- 


ns 



NOTES: 1 t H z an d t OHZ are defined as the time at which the outputs achieve the open circuit condition and are not referred 
to output voltage levels. 
2 At any given temperature and voltage condition, tnz max is less than t LZ min both for a given device and from 
device to device. 
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HM6264LFP Series 
• READ CYCLE 



Address 



X 



-*RC- 



3( 



-<AA- 



CS1 



fc 



-tcoi- 



- t LZl- 



CS2' 



WMIM . 



-tc02~ 



- t LZ2 - 



OE 



■IWWIWW r 



-*o&- 



-*OLZ- 



Dout ■ 



■sx 



rn mrnm, 



Data Valid 



-*HZl- 



W»^ 



" t HZ2~ 



Mnnnm 



- x OHZ- 






NOTE : 1) WE is high for Read Cycle 



• WRITE CYCLE 







Symbol 


HM6264LFP-10 


HM6264LFP-12 


HM6264LFP-15 


Unit 




min 


max 


min 


max 


min 


max 


Write Cycle Time 


*WC 


100 


- 


120 


- 


150 


- 


ns 


Chip Selection to End of Write 


tew 


80 


- 


85 


- 


100 


- 


ns 


Address Setup Time 


tAS 





- 





- 





- 


ns 


Address Valid to End of Write 


tAW 


80 


- 


85 


- 


100 


- 


ns 


Write Pulse Width 


*WP 


60 


- 


70 


- 


90 


- 


ns 


Write Recovery Time 


CS1,WE 


*WRl 


5 


- 


5 


- 


10 


- 


ns 


CS2 


*WR2 


15 


- 


15 


- 


15 


- 


ns 


Write to Output in High Z 


*WHZ 





35 





40 





50 


ns 


Data to Write Time Overlap 


*DW 


40 


- 


50 


- 


60 


- 


ns 


Data Hold from Write Time 


tDH 





- 





- 





- 


ns 


61 to Output in High Z 


tOHZ 





35 





40 





50 


ns 


Output Active from End of Write 


tow 


5 


- 


5 


- 


10 


- 


ns 
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HM6264LFP Series 



• WRITE CYCLE (1) <OE clock) 



*WC 



Address 



JC 



oz >/v/vw'/.y 



sisssisi: 



"FT 



X 



I *CW 



*WR1 



\M 



few 



\ f w 



^ 



k /W///fWA 






i 



'Otfz[5] 



Dm d -yxxr 



• WRITE CYCLE (2) (OE Low Fix) 



Address " ) f 



cs2 77777777^ 



WE- 



'wc- 



-'AW- 



-^*- 



JWRI [4] 



xvtr[6r , cwl2] — y;/l(/ //////. 



'cwM 



7^mr twpll] - r ~t^; 



—I l 5 l \~*WHZ 



Din- 



-OK 



'dw 



f WK2 [41 



*wr i [4] 



r OW- 



'DH 



[7] 



18] 






NOTES: 1) A write occurs during the overlap of a low CS1, a high CS2 and a low 
WE. A write begins at the latest transition among CS1 going low, CS2 
going high and WE going low. A write ends at the earliest transtion 
among CSl going high, CS2 going low and WE going high, t^p is 
measured from the beginning of write to the end of write. 

2) few is measured from the later of CSl going low or CS2 going high to 
the end of write. 

3) *AS is measured from the address valid to the beginning of write. 

4) t urn is measured from the end of write to the address change. 
*WR1 applies in case a write ends at CSl or WE going high. 
*WR2 applies in case a write ends at CS2 going low. 

5) During this period, I/O pins are in -the output state, therefore the input 
signals of opposite phase to the outputs must not be applied. 

6) If CSl goes low simultaneously with WE going low or after WE going 
low, the outputs remain in high impedance state. 

7) Dout is the same phase of the latest written data in this write cycle. 

8) Dout is the read data of next address. 

9) If CSl is low and CS2 is high during this period, I/O pins are in the 
output state. Therefore, the input signals of opposite phase to the 
outputs must not be applied to them. 
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HM6264LFP Series - 



■ LOW V C c DATA RETENTION CHARACTERISTICS (T a = to +70 °C) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 




Vdr\ 


CSl^ Vcc ~ 0.2V,CS2£K CC -0.2V or CS2£0.2V 


2.0 


- 


- 


V 




V DR2 


CS2 < 0.2V 


2.0 


- 


- 


V 


Data Retention Current 


! CCDR\ 


V C c = 3.0V, CS1 > V C c " 0.2V, 
CS2 ^ V C c ~ 0-2V or CS2 ^ 0.2V 


- 


l 


50* 


MA 


! CCDR2 


V C c = 3.0V, CS2^ 0.2V 


- 


l 


50* 


ma 


Chip Deselect to Data Retention 
Time 


f CDR 


See Retention Waveform 





- 


- 


ns 


Operation Recovery Time 


tR 


tRC** 


- 


- 


ns 



* V IL min = -0.3V, 20mA max at r a = ~40°C. 
** t RC = Read Cycle Time 



• LOW Vcc DATA RETENTION WAVEFORM (1) (CS1 Controlled) 

Data Retention Mode 




CS 1^CC -0.2V 




0V- 



• LOW Vcc DATA RETENTION WAVEFORM (2) (CS2 Controlled) 

Data Retention Mode 




CS2 < 0.2V 




NOTE: In Data Retention Mode, CS2 controls the Address, WE, CS1, OE and Din 
buffer. If CS2 controls data retention mode, Vin for these inputs can be in 
the high impedance state. If CS1 controls the data retention mode, CS2 
must satisfy either CS2 > Vcc-0.2V or CS2 < 0.2V. The other input 
levels (address, WE, OE, I/O) can be in the high impedance state. 
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HM6264LP-L Series 



81 92 -word x 8-bit High Speed Static CMOS RAM 

■ FEATURES 

• Fast access Time 100ns/120ns/1 50ns (max.) 

• Low Power Standby Standby: 0.01mW(typ.) 
Low Power Operation Operating: 200mW (typ.) 

• Capability of Battery Back-up Operation 

• Single +5V Supply 

• Completely Static Memory No clock or Timing Strobe Required 

• Equal Access and Cycle Time 

• Common Data Input and Output, Three State Output 

• Directly TTL Compatible: All Input and Output 

• Standard 28pin Package Configuration 

• Pin Out Compatible with 64K EPROM HN482764 

■ BLOCK DIAGRAM 



I? 



Row 
Decoder 



► Vcc 

> GND 



£T 



m^ 



Column Decoder 



|-£ 



Timing Pulse Gen 



^ 



■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage * 


VT 


-0.5 ** to +7.0 


V 


Power Dissipation 


Pt 


1.0 


w 


Operating Temperature 


7opr 


to +70 


°c 


Storage Temperature 


Fstg 


-55 to +125 


°c 


Storage Temperature (Under Bias) 


Anas 


-10 to +85 


°c 



* With respect to GND 
■ TRUTH TABLE 



' Pulse width 50ns: -3.0V 




■ PIN ARRANGEMENT 




(Top View) 



WE 


cs; 


CS, 


OE 


Mode 


I/O Pin 


^CC Current 


Note 


X 


H 


X 


X 


Not Selected 
(Power Down) 


HighZ 


/SB, /SB1 




X 


X 


L 


X 


HighZ 


/SB, /SB2 




H 


L 


H 


H 


Output Disabled 


HighZ 


/CC, /CC1 




H 


L 


H 


L 


Read 


Dout 


/CC, /CC1 




L 


L 


H 


H 


Write 


Din 


/CC, /CC1 


Write Cycled) 


L 


L 


H 


L 


Dm 


/CC, /CC1 


Write Cycle (2) 



X:HorL 
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HM6264LP-L Series - 



■ RECOMMENDED DC OPERATING CONDITIONS (T a = to +70°C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


Vih 


2.2 


- 


6.0 


V 


VlL 


-0.3* 


- 


0.8 


V 



* Pulse Width 50ns: -3.0V 
■ DC AND OPERATING CHARACTERISTICS (Vcc = 5V±10%, GND = 0V, T a = to +70°C) 



Item 


Symbol 


Test Condition 


min 


typ* 


max 


Unit 


Input Leakage Current 


I/l/I 


^,„=GND to Vcc 


- 


- 


2 


mA 


Output Leakage Current 


I/loI 


CSI = VihotCS2=Vi L oi6E=Vih orWE=V/z., 
F //0 =GNDtoF cc 


- 


- 


2 


ma 


Operating Power Supply Current 


Ice 


CS1=^/L, CS2= Vih, ///o=0mA 


- 


40 


80 


mA 


Average Operating Current 


feci 


Min. cycle, duty=100%, /j/ O = 0mA 


- 


60 


110 


mA 




ISB 


CSl=K///orCS2=^/L 


- 


1 


3 


mA 


Standby Power Supply Current 


ISB1** 


CSTl ^cc -0. 2 V,CS2^K C c -0.2V or CS 2^0. 2 V 


- 


2 


50 


mA 




ISB2** 


CS2^0.2V 


- 


2 


50 


HA 


Output Voltage 


Vol 


Iol = 2. 1mA 


- 


- 


0.4 


V 


VOH 


/OH=-10mA 


2.4 


- 


- 


V 



* Typical limits are at Kcc = 5.0V, r a =25°C and specified loading. 
** K/Lmin=-0.3V 



■ CAPACITANCE (/= 1MHz, T a = 25°C) 








Item 


Symbol 


Test Condition 


typ 


max 


Unit 


Input Capacitance 


Cm 


V m = 0V 


- 


6 


pF 


Input/Output Capacitance 


Ci/o 


Vi/o = ov 


- 


8 


pF 



Note) This parameter is sampled and not 100% tested. 
■ AC CHARACTERISTICS (V C c = 5V±10%, Ta = to +70°C) 

• AC TEST CONDITIONS 

Input Pulse Levels 0.8 to 2.4V 

Input Rise and Fall Times - 10ns 

Input and Output Timing Reference Level 1 5V 

Output Load 1TTL Gate and Cf_ = 100pF (including scope and jig) 

* READ CYCLE 







Symbol 


HM6264LP-10L 


HM6264LP-12L 


HM6264LP-15L 


Unit 




mm 


max 


min 


max 


mm 


max 


Read Cycle Time 


tRC 


100 


- 


120 


- 


150 


- 


ns 


Address Access Time 


tAA 


- 


100 


- 


120 


- 


150 


ns 


Chip Selection to Output 


CS1 


tcoi 


- 


100 


- 


120 


- 


150 


ns 


CS2 


tC02 


- 


100 


- 


120 


- 


150 


ns 


Output Enable to Output Valid 


tOE 


- 


50 


- 


60 


- 


70 


ns 


Chip Selection to 


CS1 


tLZl 


10 


- 


10 


- 


15 


- 


ns 


Output in Low Z 


CS2 


tLZ2 


10 


- 


10 


- 


15 


- 


ns 


Output Enable to Output in Low Z 


tOLZ 


5 


- 


5 


- 


5 


- 


ns 


Chip Deselection to 


CS1 


tHZl 





35 





40 





50 


ns 


Output in High Z 


CS2 


*HZ2 





35 





40 





50 


ns 


Output Disable to Output in High Z 


tOHZ 





35 





40 





50 


ns 


Output Hold from Address Change 


tOH 


10 


- 


10 


- 


15 


- 


ns 



NOTES. 1 tnz and f OHZ are defined as the time at which the outputs achieve the open circuit condition and are not referred 
to output voltage levels. 
2 At any given temperature and voltage condition, ihz max is less than r LZ mm both for a given device and from 
device to device. 
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HM6264LP-L Series 



• READ CYCLE 



Address 



X 



-tRC~ 



csn 



CS2 



Dout 



NOTE : 1) WE is high for Read Cycle 



• WRITE CYCLE 



X 



W77m 








Symbol 


HM6264LP-10L 


HM6264LP-12L 


HM6264LP-15L 


Unit 




min 


max 


min 


max 


min 


max 


Write Cycle Time 


twc 


100 


- 


120 


- 


150 


- 


ns 


Chip Selection to End of Write 


tew 


80 


- 


85 


- 


100 


- 


ns 


Address Setup Time 


tAS 





- 





- 





- 


ns 


Address Valid to End of Write 


tAW 


80 


- 


85 


- 


100 


- 


ns 


Write Pulse Width 


twp 


60 


- 


70 


- 


90 


- 


ns 


Write Recovery Time 


CS1.WE 


tWRl 


5 


- 


5 


- 


10 


- 


ns 


CS2 


tWR2 


15 


- 


15 


- 


15 


- 


ns 


Write to Output in High Z 


tWHZ 





35 





40 





50 


ns 


Data to Write Time Overlap 


tDW 


40 


- 


50 


- 


60 


- 


ns 


Data Hold from Write Time 


tDH 





- 





- 





- 


ns 


OE to Output in High Z 


tOHZ 





35 





40 





50 


ns 


Output Active from End of Write 


tow 


5 


- 


5 


- 


10 


- 


ns 
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HM6264LP-L Series - 



• WRITE CYCLE (1) (OE clock) 



X 



* 7m7/ W7 



^ x\\\\\\\^ \\\^ 



'//////// /////TA 



>c 



ML !/////////, 



>>>>»>»»» i 



<y 



^^^ 



w \\\\w 



E^k ////////////// 



A. 



MI 



• WRITE CYCLE (2) (OE Low Fix) 



X 



SSSK 



«^ 



]^ 



tzzzt 



^s^s 



5Si 



>>»»>m*>m 



■<xx 



y 



77777777, 



■O® 



^S®- 



NOTES. 1) A write occurs during the overlap of a low CS1, a high CS2 and a low WE. A write begins at the latest 
transition among CS1 going low, CS2 going high and WE going low. A write ends at the earliest transtion 
among CS1 going high, CS2 going low and WE going high, twp is measured from the beginning of write 
to the end of write. 

2) tew is measured from the later of CS1 going low or CS2 going high to the end of write. 

3) f AS ls measured from the address valid to the beginning of write. 

4) t\\/R is measured from the end of w rite t o t he ad dress change. 
f WR 1 applies in case a write ends at CS1 or WE going high. 
*WR2 applies in case a write ends at CS2 going low. 

5) During this period, I/O pins are in the output state, therefore the input signals of opposite phase to the 
outputs must not be applied. 

6) If CS1 goes low simultaneously with WE going low or after WE going low, the outputs remain in high 
impedance state. 

7) Dout is the same phase of the latest written data in this write cycle. 

8) D out is the read data of next address. 

9) If CS1 is low and CS2 is high during this period, I/O pins are in the output state. Therefore, the input 
signals of opposite phase to the outputs must not be applied to them. 
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-HM6264LP-L Series 



■ LOW V C c DATA RETENTION CHARACTERISTICS (T a = to +70 °C) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Vcc *° r Data Retention 


Vdri 


CST ^ V cc - 0.2V,CS2^ CC - 0.2V or CS2^0.2V 


2.0 


- 


- 


V 


V DR2 


CS2 < 0.2V 


2.0 


- 


- 


V 


Data Retention Current 


! CCDR\ 


Vcc = 3.0V, CS1 > V CC ~ 0- 2V . 
CS2 ^ V cc - 0.2V or CS2 ^ 0.2V 


- 


1 


25* 


ma 


I CCDR2 


Vcc= 3-0V, CS2^ 0.2V 


- 


1 


25* 


ma 


Chip Deselect to Data Retention 
Time 


T CDR 


See Retention Waveform 





- 


- 


ns 


Operation Recovery Time 


tR 


<RC** 


- 


- 


ns 



* V IL min = -0.3V, 10/jA max at T a = ~ 40°C 
** t RC = Read Cycle Time 



I 



• LOW Vcc DATA RETENTION WAVEFORM (1) (CS1 Controlled) 

Data Retention Mode 




CSl^r cc -0.2V 




0V- 



• LOW V cc DATA RETENTION WAVEFORM (2) (CS2 Controlled) 

Data Retention Mode 




CS2 < 0.2V 




NOTE: In Data Retention Mode, CS2 controls the Address, WE, CS1, OEand Din 
buffer. If CS2 controls data retention mode, Vin for these inputs can be in 
the high impedance state. If CSl controls the data retention mode, CS2 
must satisfy either CS2 > Vcc -0.2V or CS2 < 0.2V. The other input 
levels (address, WE, OE, I/O) can be in the high impedance state. 
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HM6264LFP-L Series 

8192-word x 8-bit High Speed Static CMOS RAM 

■ FEATURES 

• High Density Small-sized Packaged 

• Projection Area Reduced to One-Thirds of Conventional DIP 

• Thickness Reduced to a Half of Conventional DIP 

• High Speed: Fast Access Time 120/1 50ns (max) 

• Single 5V Supply 

• Low Power Standby and Low Power Operation 

Standby: 10/uW (typ.), Operation: 200mW (typ.) 

• Capability of Battery Back-up Operation 

• Completely Static RAM: No clock nor Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Equal Access and Cycle Time 

■ BLOCK DIAGRAM 



A; o_ 
A«o- 



I* 



Row 
Decode i 



Memory Matr 
256X2S6 



> Vic 
) GND 



£T 



A 



Input 
Data 
Control 



M, *' A2 A10 A» 



Timing Pulse Gen 



Read Write Control 



r3 



■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage * 


VT 


-0.5** to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


7opr 


to +70 


°C 


Storage Temperature 


Tstg 


-55 to +125 


°C 


Storage Temperature (Under Bias) 


Tbias 


-10 to +85 


°C 



* With respect to GND. ** Pulse width 50ns: -3.0V 
■ TRUTH TABLE 




(Top View) 



WE 


CS, 


CS, 


OE 


Mode 


I/O Pin 


^cc Current 


Note 


X 


H 


X 


X 


Not Selected 
(Power Down) 


HighZ 


/SB, /SBl 




X 


X 


L 


X 


HighZ 


/SB, /SB2 




H 


L 


H 


H 


Output Disabled 


HighZ 


/CC, /CC1 




H 


L 


H 


L 


Read 


Dout 


/CC, /CC1 




L 


L 


H 


H 


Write 


Din 


/CC, /CC1 


Write Cycle (1) 


L 


L 


H 


L 


Din 


/CC, /CO 


Write Cycle (2) 



XrHorL 
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■ RECOMMENDED DC OPERATING CONDITIONS (T a = to +70°C) 



-HM6264LFP-L Series 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


Vm 


2.2 


- 


6.0 


V 


Vil 


-0.3* 


- 


0.8 


V 



* Pulse Width 50ns: -3.0V 
■ DC AND OPERATING CHARACTERISTICS (Vcc = 5V±10%, GND = 0V, T a = to +70°C) 



Item 


Symbol 


Test Condition 


min 


typ* 


max 


Unit 


Input Leakage Current 


l/L/l 


^,„=GND to Vcc 


- 


- 


2 


MA 


Output Leakage Current 


l/LOl 


CSI=Vih or CS2=^/l or OE=^/h or WE=K /L , 
F //0 = GNDorK cc 


- 


- 


2 


MA 


Operating Power Supply Current 


Ice 


CS1=^/L. CS2=Vih, ///o=0mA 


- 


40 


80 


mA 


Average Operating Current 


Icci 


Min. cycle, duty= 100%, ///o=0mA 


- 


60 


110 


mA 




ISB 


CSl = K/HorCS2=^/L 


- 


1 


3 


mA 


Standby Power Supply Current 


ISB1** 


CS1^CC-0.2V, CS2^cc-0.2Vor CS2^0.2V 


- 


2 


50 


mA 




ISB2** 


CS2^0.2V 


- 


2 


50 


mA 


Output Voltage 


Vol 


lOL =2. 1mA 


- 


- 


0.4 


V 


VOH 


/o// = -l-0mA 


2.4 


- 


- 


V 



Typical limits are at ^cc=5.0V, r a =25°C and specified loading. 
> K/ L min=-0.3V 



■ CAPACITANCE (/= 1MHz, T a = 25°C) 








Item 


Symbol 


Test Condition 


typ 


max 


Unit 


Input Capacitance 


C in 


V in = 0V 


- 


6 


P F 


Input/Output Capacitance 


Ci/o 


Vi/o = ov 


- 


8 


pF 



Note) This parameter is sampled and not 100% tested. 
■ AC CHARACTERISTICS (V CC = 5V±10%, Ta = to +70°C) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 
Input Rise and Fall Times: 10ns 
Input and Output Timing Reference Level: 1 .5V 
Output Load: 1TTL Gate and Cl = 100pF (including scope and jig) 
» READ CYCLE 









Symbol 


HM6264LFP-10L 


HM6264LFP-12L 


HM6264LFP-15L 


Unit 


Item 


min 


max 


min 


max 


min 


max 


Read Cycle Time 


tRC 


100 


- 


120 


- 


150 


- 


ns 


Address Access Time 


*AA 


- 


100 


- 


120 


- 


150 


ns 


Chip Selection to Output 


CS1 


tcoi 


- 


100 


- 


120 


- 


150 


ns 


CS2 


K02 


- 


100 


- 


120 


- 


150 


ns 


Output Enable to Output Valid 


tOE 


- 


50 


- 


60 


- 


70 


ns 


Chip Selection to Output 
in Low Z 


CS1 


tLZl 


10 


- 


10 


- 


15 


- 


ns 


CS2 


tLZ2 


10 


- 


10 


- 


15 


- 


ns 


Output Enable to Output in Low Z 


tOLZ 


5 


- 


5 


- 


5 


- 


ns 


Chip Deselection to Output 


CS1 


f HZl 





35 





40 





50 


ns 


in High Z 


CS2 


*HZ2 





35 





40 





50 


ns 


Output Disable to Output in High Z 


*OHZ 





35 





40 





50 


ns 


Output Hold from Address Change 


tOH 


10 


- 


10 


- 


15 


- 


ns 



NOTES: 1 tfiz ana< *ohz are defined as the time at which the outputs achieve the open circuit condition and are not referred 
to output voltage levels. 
2 At any given temperature and voltage condition, tHZ max is less than tj^z mm both for a given device and from 
device to device. 
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HM6264LFP-L Series- 
• READ CYCLE 



Address 



-*RC- 



X 



X 



-*AA- 



CS1 



CS2 



mwwwwwv f 



-*coi- 



- f LZl- 



W////////////1 



- ( C02~ 



- *LZ2 - 



OE 



■i 



-t p- 



IL 



*OLZ- 



Dout - 



®C 



mnnmim. 



Data Valid 



-*HZ1- 



W^& 



- f HZ2~ 



- t OHZ- 



s 






NOTE : 1) WE is high for Read Cycle 



• WRITE CYCLE 







Symbol 


HM6264LFP-10L 


HM6264LFP-12L 


HM6264LFP-15L 


Unit 




min 


max 


min 


max 


min 


max 


Write Cycle Time 


twc 


100 


- 


120 


- 


150 


- 


ns 


Chip Selection to End of Write 


tew 


80 


- 


85 


- 


100 


- 


ns 


Address Setup Time 


<AS 





- 





- 





- 


ns 


Address Valid to End of Write 


tAW 


80 


- 


85 


- 


100 


- 


ns 


Write Pulse Width 


tWP 


60 


- 


70 


- 


90 


- 


ns 


Write Recovery Time 


CS1,WE 


( WR! 


5 


- 


5 


- 


10 


- 


ns 


CS2 


*WR2 


15 


- 


15 


- 


15 


- 


ns 


Write to Output in High Z 


tWHZ 





35 





40 





50 


ns 


Data to Write Time Overlap 


*DW 


40 


- 


50 


- 


60 


- 


ns 


Data Hold from Write Time 


tDH 





- 





- 





- 


ns 


OE to Output in High Z 


*OHZ 





35 





40 





50 


ns 


Output Active from End of Write 


tow 


5 


- 


5 


- 


10 


- 


ns 
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HM6264LFP-L Series 



• WRITE CYCLE (1) (OE clock) 



Address 



OE^ 



CS1, 



r 
X 



-*wc 



[4] 



X 



-i- 



y ; >wni s N \ v , N >- 

;- - *CW - — -j 

^ h" 4Y/ ,""" 



J?WR2 



m'YYYYYYY/ 
we — 



\M t cw .^ 






I 



'OHZ(5] 



Bout ))))))))) -ZH> 'g ^ , g „ , 
Din <J /J53 



• WRITE CYCLE (2) (OE Low Fix) 



Address " ) ( 



f AW 



CS27ZZZ7ZZZ/ 



WE- 



*wc 



— I 



X 



2C3Z 



tcw[2) 



- r WH2(4] 






-J [5] 

Dou. ))))))))\)^ m 



*WHZ 



Din- 



WR1[4) 



7 HL 



*ow 



-tDW-htDH- 



[7] 



18] 



. [9] 



NOTES: 1) A write occurs during the overlap of a low CS1, a high CS2 and a low 
WE. A write begins at the latest transition among CS1 going low, CS2 
going hi gh and WE going low. A write ends at the earliest transtion 
among Si going high, CS2 going low and WE going high, tyyp is 
measured from the beginninng of write to the end of write. 

2) tcw i $ measured from the later of CS1 going low or CS2 going high to 
the end of write. 

3) *AS is measured from the address valid to the beginning of write. 

4) t wr is measured from the end of write to the address change. 
*WR1 applies in case a write ends at CS1 or WE going high. 
*WR2 applies in case a write ends at CS2 going low. 

5) During this period, I/O pins are in -the output state, therefore the input 
signals of opposite phase to the outputs must not be applied. 

6) If CS1 goes low simultaneously with WE going low or after WE going 
low, the outputs remain in high impedance state. 

7) Dout is the same phase of the latest written data in this write cycle. 

8) Dout is the read data of next address. 

9) If CS1 is low and CS2 is high during this period, I/O pins are in the 
output state. Therefore, the input signals of opposite phase to the 
outputs must not be applied to them. 
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HM6264LFP-L Series - 



■ LOW V C c DATA RETENTION CHARACTERISTICS (T a = to +70 °C) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Vcc *° r Data Retention 


Vdri 


CSl^ Vcc ~ 0.2 V, CS2£K CC - 0.2 V or CS2£0.2V 


2.0 


- 


- 


V 


V DR2 


CS2 < 0.2V 


2.0 


- 


- 


V 


Data Retention Current 


tcCDRl 


V C c = 3.0V, CS1 > V CC - 0.2V, 
CS2 > V CC ~ 0.2V or CS2 £ 0.2V 


- 


1 


25* 


MA 


ICCDR2 


V C c= 3.0V, CS2^ 0.2V 


- 


l 


25* 


MA 


Chip Deselect to Data Retention 
Time 


f CDR 


See Retention Waveform 





- 


- 


ns 


Operation Recovery Time 


<R 


*RC** 


- 


- 


ns 



v IL min ujv, lyM^ 

t RC = Read Cycle Time 



• LOW Vcc DATA RETENTION WAVEFORM (1) (CS1 Controlled) 

Data Retention Mode 




CSl^ V CC -0.2V 




0V- 



• LOW V cc DATA RETENTION WAVEFORM (2) (CS2 Controlled) 

Data Retention Mode 




NOTE: In Data Retention Mode, CS2 controls the Address, WE, CS1, OE and Din 
buffer. If CS2 controls data r eten tion mode, Vin for these inputs can be in 
the high impedance state. If CS1 controls the data retention mode, CS2 
must satisfy either CS2 > Vcc -0.2V or CS2 < 0.2V. The other input 
levels (address, WE, OE, l/0)can be in the high impedance state. 



186 



HITACHI 

Hitachi America Ltd. • 2210 OToole Avenue • San Jose, CA 95131 • (408) 435-8300 



HM6264ASP 
HM6264AFP Series 

8192-word x 8-bit High Speed Static CMOS RAM 



Standby: 0.1 mW (typ.) 
Operating: 15mW/MHz (typ.) 
120ns/150ns (max.) 



■ FEATURES 

• High Density 300 mil 28 pin Package 

• Low Power Standby 
Low Power Operation 

• Fast access Time 

• Single +5V Supply 

• Completely Static Memory No clock or Timing Strobe Required 

• . Equal Access and Cycle Time 

• Common Data Input and Output, Three State Output 

• Directly TTL Compatible: All Input and Output 

■ BLOCK DIAGRAM 



7* 



3= 



T*r 



cs 2 o 

CS,o 



I I 



o Vcc 

oGND 



Column Decoder 



Timing Pulse Gen 
Column Decoder 



^r 



■ ABSOLUTE MAXIMUM RATINGS 






Item 


Symbol 


Rating 


Unit 


Terminal Voltage * 


Vt 


-0.5 ** to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


Topr 


to +70 


°C 


Storage Temperature 


Tstg 


-55 to +125 


°C 


Storage Temperature (Under Bias) 


Tbias 


-10 to +85 


°C 



* With respect to GND. 
■ TRUTH TABLE 



1 Pulse width 50ns: 3 OV 



WE 


CS, 


CS 2 


OE 


Mode 


I/O Pin 


Vcc Current 


Note 


X 


H 


X 


X 


Not Selected 
(Power Down) 


HighZ 


IsbJsbi 




X 


X 


L 


X 


HighZ 


1 SB J SB 1 




H 


L 


H 


H 


Output Disabled 


HighZ 


ice 




H 


L 


H 


L 


Read 


Dout 


ice 




L 


L 


H 


H 


Write 


Din 


ice 


Write Cycle (1) 


L 


L 


H 


L 


Din 


ice 


Write Cycle (2) 



X : H or L 



HM6264ASP Series 




(DP-28N) 



HM6264AFP Series 




(FP-28D) 



PIN ARRANGEMENT 



nc[T 




28] KCC 


A,,|T 




27) WE 


A, [7 




26) CS, 


a 6 (T 




25) A„ 


A S [T 




24] A, 


A 4 [T 




23)A,, 


A,[T 




22] OE 


A 2 [T 




|l] A '0 


A,[? 




20J CS, 


a (To 




T9)i/o, 


i/o, QT 




T5]i/o 7 


I/O, [[2 




j3 l/ °* 


i/o 3 [J2 




J6) I/O s 


gnd[h 




Ts]i/o 4 



I 



(Top View) 
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HM6264ASP Series, HM6264AFP Series - 



■ RECOMMENDED DC OPERATING CONDITIONS (T a = to +70 C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5,0 


5.5 


V 


GNl) 











V 


Input Voltage 


VlH 


2.2 


-- 


6.0 


V 


VlL 


-0.3* 


- 


0.8 


V 



* Pulse Width 50ns: 3.0V 



■ DC AND OPERATING CHARACTERISTICS (V C c = 5V±10%, GND = 0V, T a = to +70°C) 



Item 


Symbol 


Test Condition 


min 


typ* 


max 


Unit 


Input Leakage Current 


l/L/l 


^, n =GND to Vcc 


- 


- 


2 


mA 


Output Leakage Current 


i/lo I 


CSl= Vm or CS2= Vil or OE= V IH or WE= V u , 
V I/0 = GND\oV C c 


- 


- 


2 


ma 


Operating Power Supply Current 


ICCDC 


CST=^/l. CS2=Vih, ///o=0mA 


- 


7 


15 


mA 




feci 


Min. cycle, duty=100%, CSl=F /L , CS2=F /H , 
/ //o =0mA 


- 


30 


45 


mA 


Average Operating Current 


l CC2 


Cycle = 1ms, duty = 100%, /j/o = 0mA, 
CSl ^ 0.2V, CS2 ^ Vcc - 0.2V, 
Vm ^ Vcc - 0.2V, Vil ^ 0.2V 


- 


3 


5 


mA 


Standby Power Supply Current 


lSB 


CS\ = VihotCS2=Vil 


- 


1 


3 


mA 


ISBl** 


CSl^^cc-0.2V, CS2^^cc-0.2Vor CS2^0.2V 


- 


0.02 


2 


mA 


Output Voltage 


Vol 


I OL = 2.1mA 


- 


- ! 0.4 

I 


V 


VOH 


fOH~- 1.0mA 


2.4 


- 1 - 
i 


V 



Typical limitsore at l / cc=5.0V, T a =25°C and specified loading. ** Vu min=-0.3V 



■ CAPACITANCE (/ '= 1MHz, T a = 25°C) 








Item 


Symbol Test Condition 


typ 


max 


Unit 


Input Capacitance 


Cm V tn = W 


- 


5 


pF 


Input/Output Capacitance 


Clio | Vi/o = OV 


- 


7 


PF 



Note) This parameter is sampled and not 100% tested. 



■ AC CHARACTERISTICS (\Z CC = 5V±10%. Ta = to +70°C) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8V/2.4V 

Input Rise and Fall Time 10ns 

Input Timing Reference Level: 1.5V 

Output Timing Reference Level: 0.8V/2.0V 

Output Load 1TTL Gate and Q_ = 100pF (including scope and jig) 
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HM6264ASP Series, HM6264AFP Series 



• READ CYCLE 



Item 


Symbol 


HM6264ASP/FP-12 


HM6264ASP/FP-15 


Unit 


min 


max 


min 


max 


Read Cycle Time 


tRC 


120 


- 


150 


- 


ns 


Address Access Time 


tAA 


- 


120 


- 


150 


ns 


Chip Selection to Output 


CS1 


tcoi 


- 


120 


- 


150 


ns 


CS2 


tC02 


- 


120 


- 


150 


ns 


Output Enable to Output Valid 


tOE 


- 


60 


- 


70 


ns 


Chip Selection to 


CS1 


*LZ1 


10 


- 


10 


- 


ns 


Output in Low Z 


CS2 


*LZ2 


10 


- 


10 


- 


ns 


Output Enable to Output in Low Z 


*OLZ 


5 


- 


5 


- 


ns 


Chip Deselection to 


CS1 


{ HZ1 





40 





50 


ns 


Output in High Z 


CS2 


*HZ2 





40 





50 


ns 


Output Disable to Output in High Z 


tOHZ 





40 





50 


ns 


Output Hold from Address Change 


*OH 


10 


- 


10 


- 


ns 



NOTES: 1 t HZ and t OHZ are defined as the time at which the outputs achieve the open circuit condition and are not referred 
to output voltage levels. 
2 At any given temperature and voltage condition, tHZ max is less than t LZ mm both for a given device and from 
device to device. 



• READ CYCLE 





*RC 


■* 








Address X y 


( 










l AA 


7 






-vWWWWWWWW 


LZ 


1 coi - 


'/// 


//////////// 




^ 


tLZl 








— f HZl 














<~'lllllllllllllllh 


I 


*LZ2 ~ 




\ 
7 




\\\m 


\\ v 








tOE- 

- — tOLZ — * 


r 


-*HZ2 




«\\\\\\\\\\\\\\\\\\\\\\\\^ 


'/// 


WUi 


'/// 






m 






— tOHZ- 









Data Valid 




iOO 


















^OH^ 





NOTE: 1) WE is high for Read Cycle 
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HM6264ASP Series, HM6264AFP Series - 



• WRITE CYCLE 



Item 


Symbol 


HM6264ASP/FP-15 


HM6264ASP/FP-15 


Unit 


min 


max 


min 


max 


Write Cycle Time 


twc 


120 


- 


150 


- 


ns 


Chip Selection to End of Write 


tew 


100 


- 


120 


- 


ns 


Address Setup Time 


US 





- 





- 


ns 


Address Valid to End of Write 


*AW 


100 


- 


120 


- 


ns 


Write Pulse Width 


tWP 


80 


- 


100 


- 


ns 


Write Recovery Time 


tWR 





- 





- 


ns 


Write to Output in High Z 


*WHZ 





40 





50 


ns 


Data to Write Time Overlap 


*DW 


40 


- 


50 


- 


ns 


Data Hold from Write Time 


f DH 





- 





- 


ns 


Output Enable to Output in High Z 


tOHZ 





40 





50 


ns 


Output Active from End of Write 


tow 


5 


- 


5 


- 


ns 



• WRITE CYCLE (1) (OE clock) 



Address 



X 



OE 7 



CS1 



CS2 



X 



-*wc- 



X 



[4] 



tCW [2] 



///////////// 



tWR 



^ 



[6] 



*AW 



^ 



'ASM 



WE- 



^^a 



twplU 



tOHZl 5 ! 



Dout- 



& 



Din- 



<{ 



tDW 



tDH 



S 
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HM6264ASP Series, HM6264AFP Series 



• WRITE CYCLE (2) (OE Low Fix) 



Address 



X 



csi \\\^ 



CS2/ 



WE- 



-*wc- 



X. 



-tAW- 



53 



*CW I 2 ! 



[6] 



ICZA 



tCW [2] 



^SSS 



U5l3] 



5SSS 



tWPlU 



[5] 



Dout- 



)))))))))))) =^ 



tWHZ 



Din- 



<xx 



WW 



tWR K] 



r 



I 



'0// 



'0W> 



'£// 



[7] 



■Gm 



[8] 



[9] 



^©* 



NOTES: 1) A write occurs during the overlap of a low CSI , a high CS2 and a low WE. A write begins at the latest transi- 
tion among CSI going low, CS2 going high and WE going low. A write ends at the earliest transition among 
CSI going high, CS2 going low and WE going high, tyyp is measured from the beginning of write to the end 
of write. 

2) tew * s measured from the later of CSI going low or CS2 going high to the end of write. 

3) tj^s i s measured from the address val id to the beginning of write. 

4) twR is measured from the earliest of CSI or WE going high or CS2 going low to the end of write cycle. 

5) During this period, I/O pins are in the output state, therefore the input signals of opposite phase to the outputs 
must not be applied. 

6) If CSI goes low simultaneously with WE going low or after WE going low, the outputs remain in high im- 
pedance state. 

7) Dout is the same phase of the latest written data in this write cycle. 

8) Dout is the read d ata o f next address. 

9) If CSI is low and CS2 is high during this period, I/O pins are in the output state. Therefore, the input signals 
of opposite phase to the outputs must not be applied to them. 
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HM6264ASP Series, HM6264AFP Series - 



SUPPLY CURRENT VS. 
SUPPLY VOLTAGE 



SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 









r«=25t 

















































lcc=5 0V 











































1 7"i "> 

SuppK \ oltdge \<( • \ ' 



Ambient Temperature Tu I °C ) 



SUPPLY CURRENT VS. 
FREQUENCY 



ACCESS TIME VS. 
LOAD CAPACITANCE 









200n> 


r 

15( Ins 


I20nb 10 


)ns 









































































j 

I N 

































r«=25t 

l cc = MIN 



















101) 2()0 



300 400 



Load Capacitance ( l ' pF > 



ACCESS TIME VS. 
SUPPLY VOLTAGE 



ACCESS TIME VS. 
AMBIENT TEMPERATURE 






J 









lcc=5 0V 











































SuppK \ oltane let ' \ ' 



Ambient Temperature Ta CO 
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HM6264ASP Series, HM6264AFP Series 



INPUT LOW VOLTAGE VS. 
SUPPLY VOLTAGE 



INPUT HIGH VOLTAGE VS. 
SUPPLY VOLTAGE 









Tn = 25t 











































I 1 









7« = 25t 











































SuppK \ oltaf?e \ic 1 \ ' 



■15 4 75 5 5 25 

SuppK \ oltaRe \<( \ ■ 



OUTPUT CURRENT VS. 
OUTPUT VOLTAGE 



OUTPUT CURRENT VS. 
OUTPUT VOLTAGE 









7.i = 2St 
\«= r >\ 









































































7Y, = 25*C 
l«=5\ 



















Output Voltkge Von (V) 



Output \ohase \ni i\ 1 
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HM6264ALSP 
HM6264AL.FP Series 



8192 word x 8-bit High Speed Static CMOS RAM 

■ FEATURES 

• High Density 300 mil 28pin Package 

• Low Power Standby Standby: 0.01mW(typ.) 
Low Power Operation Operating: 15mW/MHz (typ.) 

• Fast access Time 120ns/150ns (max.) 

• Capability of Battery Back-up Operation 
Single +5V Supply 

Completely Static Memory No clock or Timing Strobe Required 

Equal Access and Cycle Time 

Common Data Input and Output, Three State Output 

• Directly TTL Compatible: All Input and Output 

■ BLOCK DIAGRAM 



7* 



^ 



T*r 



CS20- 

CS10- 



1 



input 
Data 
Control 



nmg Pulse Gen 
Column Decoder 



ZT 



1 ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage * 


Vt 


-0.5 **to+7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


Topr 


to +70 


°C 


Storage Temperature 


Tstg 


-55 to+125 


°C 


Storage Temperature (Under Bias) 


Tbias 


-10 to +85 


°C 



* With respect to GND. 
■ TRUTH TABLE 



** Pulse width 50ns> -3.0V 



HM6264ALSP Series 




(DP-28N) 



HM6264ALFP Series 




(FP-28D) 



WE 


CS, 


CS a 


OE 


Mode 


I/O Pin 


Vcc Current 


Note 


X 


H 


X 


X 


Not Selected 
(Power Down) 


HighZ 


IsbJsbi 




X 


X 


L 


X 


HighZ 


tSBJSBl 




H 


L 


H 


H 


Output Disabled 


HighZ 


J CC 




H 


L 


H 


L 


Read 


Dout 


ice 




L 


L 


H 


H 


Write 


Din 


ice 


Write Cycle (1) 


L 


L 


H 


L 


Din 


ice 


Write Cycle (2) 



X : H or L 




(Top View) 
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HM6264ALSP Series, HM6264ALFP Series 



■ RECOMMENDED DC OPERATIN CONDITIONS (T a = to +70 C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


Vm 


2.2 


- 


6.0 


V 


Vil 


-0.3* 


- 


0.8 


V 



* Pulse Width 50ns: -3.0V 



■ DC AND OPERATING CHARACTERISTICS (Vcc = 5V±10%, GND = 0V, T a = to +70°C) 



Item 


Symbol 


Test Condition 


min 


typ* 


max 


Unit 


Input Leakage Current: 


l/L/l 


^,„=GND to Vcc 


- 


- 


2 


mA 


Output Leakage Current 


i/lo I 


CS\ = Vih or CS2= Vil or OE= Vm or WE=V f L, 
K //0 =GND to V cc 


- 


- 


2 


mA 


Operating Power Supply Current 


ICCDC 


CSl = |// L> CS2=Vih. ///o=0mA 


- 


7 


5 


mA 




1 CCl 


Min. cycle, duty=100%, CS1 = K /L , CS2=r //f , 
/ //o = 0mA 


- 


30 


45 


mA 


Average Operating Current 


I CC2 


Cycle = 1ms, duty = 100%, ///o = 0mA, 
CSl^ 0.2V, CS2 ^ Vcc - 0.2V, 
Vjh ^ Vcc - 0.2V, Vil ^ 0.2V 


- 


3 


5 


mA 


Standby Power Supply Current 


ISB 


CS\ = VihotCS2=Vil 


- 


1 


3 


mA 


ISB1** 


CS\ZV CC -0.2V, CS2^^cc-0.2VorCS2^0.2V 


- 


2 


1 


mA 


Output Voltage 


Vol 


I OL = 2.1mA 


- 




0.4 


V 


VOH 


1oh~- 10mA 


2.4 


- 


V 



* Typical limits are at ^cc=5.0V, 7V=25°C and specified loading. ** Vji min=-0.3V 



■ CAPACITANCE (/= 1MHz, T a = 25°C) 








Item 


Symbol 


Test Condition 


typ 


max 


Unit 


Input Capacitance 


Qn 


V in = 0V 


- 


5 


pF 


Input/Output Capacitance 


Q/o 


Vno = ov 


- 


7 


pF 



Note) This parameter is sampled and not 100% tested. 



■ AC CHARACTERISTICS (V CC = 5V±10%, Ta = to +70 C) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8V/2.4V 

Input Rise and Fall Time 10ns 

Input Timing Reference Level: 1.5V 

Output Timing Reference Level: 0.8V/2.0V 

Output Load 1TTL Gate and C/, = 100pF (including scope and |ig) 



HITACHI 

Hitachi America Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 • (408)435-8300 



195 



HM6264ALSP Series, HM6264ALFP Series - 



• READ CYCLE 



Item 


Symbol 


HM6264ALSP/FP-12 


HM6264ALSP/FP-15 


Unit 


min 


max 


min 


max 


Read Cycle Time 


tRC 


120 


- 


150 


- 


ns 


Address Access Time 


*AA 


- 


120 


- 


150 


ns 


Chip Selection to Output 


CS1 


*C01 


- 


120 


- 


150 


ns 


CS2 


tC02 


- 


120 


- 


150 


ns 


Output Enable to Output Valid 


tOE 


- 


60 


- 


70 


ns 


Chip Selection to 


CS1 


*LZ1 


10 


- 


10 


- 


ns 


Output in Low Z 


CS2 


*LZ2 


10 


- 


10 


- 


ns 


Output Enable to Output in Low Z 


tOLZ 


5 


- 


5 


- 


ns 


Chip Deselection to 


CS1 


tHZl 





40 





50 


ns 


Output in High Z 


CS2 


tHZ2 





40 





50 


ns 


Output Disable to Output in High Z 


tOHZ 





40 





50 


ns 


Output Hold from Address Change 


tQH 


10 


- 


10 


- 


ns 



NOTES: 1 tffz anc * t OHZ are defined as the time at which the outputs achieve the open circuit condition and are not referred 
to output voltage levels. 
2 At any given temperature and voltage condition, tHZ max is less than t LZ min both for a given device and from 
device to device. 



• READ CYCLE 





m 


tRC— 












Address y 


C~ 






) 


( 






















^\\\\\\\\\\\\\\\Y 


. t C 01 


* 


'ill. 


//////////// 




- f LZl * 








— tHZl 












4I//////1 


. tLZ2 





> 

1 


f\\ v 


WWW 


w 






t E- 

+ — *OLZ — - 




— t H Z2 




-*.\\\\\\\\\\\\\\\\\\\\\\\\1 


'/// 


'//////// 


'Hi 






® 






-*OHZ- 


^ 






Data Valid 


j 


m 




ou 












— t H-* 





NOTE : 1) WE is high for Read Cycle 
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HM6264ALSP Series, HM6264ALFP Series 



• WRITE CYCLE 



Item 


Symbol 


HM6264ALSP/FP-12 


HM6264ALSP/FP-15 


Unit 


min 


max 


min • 


max 


Write Cycle Time 


twc 


120 


- 


150 


- 


ns 


Chip Selection to End of Write 


tew 


100 


- 


120 


- 


ns 


Address Setup Time 


tAS 





- 





- 


ns 


Address Valid to End of Write 


*AW 


100 


- 


120 


- 


ns 


Write Pulse Width 


*WP 


80 


- 


100 


- 


ns 


Write Recovery Time 


tWR 





- 





- 


ns 


Write to Output in High Z 


tWHZ 





40 





50 


ns 


Data to Write Time Overlap 


tDW 


40 


- 


50 


- 


ns 


Data Hold from Write Time 


*DH 





- 





- 


ns 


Output Enable to Output in High Z 


tOHZ 





40 





50 


ns 


Output Active from End of Write 


tow 


5 




5 


- 


ns 



I 



• WRITE CYCLE (1) (OE clock) 



Address 



>c 



OE 



-wm m? 



csi^^S^S^ 



cn '///////77777 7X 



WE- 



-twe- 



[2] 



- f cw- 



*-*WR-» 



J////////////, 



[6] 



US PI 



tAW- 



^t W p^ 



[5] 



-tOHZ- 



Douf 



Din- 



)))))))))))>i 



<r 



tDW 



[4] 



X 



\n\WW\ 



N 



^NWWWW^ 



Wsk tl] -//////// MA 



-tDH- 



JL, 



EXK 
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HM6264ALSP Series, HM6264ALFP Series - 
• WRITE CYCLE (2) (Ol Low Fix) 



Address 



SI 



OI^ - " 



™mmm 



WE- 



-twc- 



-*AW- 



W W 



-t C wm- 



mmznzL 



~tcwV\- 



\ \\\\\\\\\\ 



^t AS v)-^±\Li 



-twpW- 



[5] 



Dout- 



)))))))))))))) > 



-tWHZ 



Din- 



■<SK 



*WR M 



r 



f 0H-~ 

tOW-4 [7] 



~-t[)w— — tDH-~ 



[8] 



[9] 



NOTES: 1) A write occurs during the overlap of a low CSl, a_high CS2 and a low WE. A write begins at the latest transi- 
tion among CSl going low, CS2 going high and WE going low. A write ends at the earliest transtion among 
CS1 going high, CS2 going low and WE going high. t WP is measured from the beginning of write to the end of 
write. 

2) t cw is measured from the later of CSl going low or CS2 going high to the end of write. 

3) t AS is measured from the address valid to the beginning of write. 

4 ) twR is measured from the earliest of CSl or WE going high or CS2 going low to the end of write cycle. 

5) During this period, I/O pins are in the output state, therefore the input signals of opposite phase to the 
ou tput s must not be applied. 

6) If C3T goes low simultaneously with WE going low or after WE going low, the outputs remain in high im- 
pedance state. 

7) Dout is the same phase of the latest written data in this write cycle. 

8) Dout is the read data of next address. 

9) If CSl is low and CS2 is high during this period, I/O pins are in the output state. Therefore, the input signals 
of opposite phase to the outputs must not be applied to them. 
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HM6264ALSP Series, HM6264ALFP Series 



■ LOW V C C DATA RETENTION CHARACTERISTICS (T a = to +70 °C) 



Item 


Symbol 


Test Condition 


in in 


typ 


max 


Unit 


V cc for Data Retention 


Vdr 


^Sl ^ V C c ~ 0.2 V,CS2^K CC - 0.2V or CS2£0.2V 


2.0 


- 


- 


V 


Data Retention Current 


! CCDR 


V C C = 3.0 V 

CSl^Kcc-0.2V, 

CS2 ^ Vcc - 0.2V or CS2 <; 0.2V 


- 


' 


50* 


ma 


Chip Deselect to Data Retention 
Time 


*CDR 


See Retention Waveform 





- 


- 


ns 


Operation Recovery Time 


tR 


'RC** 


- 


- 


ns 



* V IL min = -0.3V, 20/uA max at r a = 0~40°C 
** f RC ~ Read Cvc,e Time 

• LOW Vcc DATA RETENTION WAVEFORM (1) (CS1 Controlled) 

Data Retention Mode 




CS1£K CC -0.2V 



I 




0V- 



> LOW Vcc DATA RETENTION WAVEFORM (2) (CS2 Controlled) 

Data Retention Mode 




CS2 < 0.2V 




NOTE: In Data Retention Mode, CS2 controls the Address, WE, CSl, OE and Din buffer. If CS2 controls data retention 
mode, Vin for these inputs can be in the high impedance state. If CS1 controls the data retention mode, CS2 must 
satisfy either CS2 }>V CC -0.2V or CS2 £ 0.2V. The other input levels (address, WE, OE, I/O) can be in the high 
impedance state. 
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HM6264ALSP Series, HM6264ALFP Series - 



SUPPLY CURRENT VS. 
SUPPLY VOLTAGE 



SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 









7o=25t 











































I 

u 8 









lcc=5 0\ 









































SuppK Voltage Ice i\'i 



Ambient Temperature lu (°C ) 



SUPPLY CURRENT 
VS. FREQUENCY 



ACCESS TIME VS. 
LOAD CAPACITANCE 







1 

200ns 


T 

l.")0ns 


1 1 

120ns lm 

































































ACCESS TIME VS. 
SUPPLY VOLTAGE 

































/«=25t 
l«=MI\ 



















Load Capacitance ( / i pF i 



ACCESS TIME VS. 
AMBIENT TEMPERATURE 









/.«=-'-)t 

















































Ut=5 0\ 











































SuppK \oluj!e Vet \ > 



Ambient Temperature la ('CI 
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HM6264ALSP Series, HM6264ALFP Series 



INPUT LOW VOLTAGE 
VS. SUPPLY VOLTAGE 









7«=25t 











































SuppK Voltage \k i \ i 

OUTPUT CURRENT VS. 
OUTPUT VOLTAGE 









r«=25t 

Wc=5\ 











































Output Voltage Von (V) 

STANDBY CURRENT VS. 
AMBIENT TEMPERATURE 



INPUT HIGH VOLTAGE 
VS. SUPPLY VOLTAGE 









7./ = 2rC 











































Supplv \ oltage W( > V ) 

OUTPUT CURRENT VS. 
OUTPUT VOLTAGE 

































ra = 25t 
Wt=5V 



















Output Voltage \oi ( \ ) 

STANDBY CURRENT VS. 
SUPPLY VOLTAGE 



s 

i 

S 

4 10 

1 5 
1 

01 



































1 

E 

c 10 



7,< = 2<VC 

















































Ambient Temperature 7<i l"C ) 



Supplv Voltage Uc l\ 1 
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HM6264LP-SL Series, Preliminary 

HM6264LFP-SL Series, 
Hi-CMOS 64K Static Ram 

(Super Low Power Data Retention Version) 

8192 x 8-bit High Speed Static Hi-CMOS RAM 

■ FEATURES 

• Super Low Power Data Retention and Low Power Operation; 

Data Retention: 9/*W max. @ Ta = 0°C to 40°C 
Two Chip Selection for Battery Backup 
Operation: 200m W typ. 

• Single 5V Supply 

• High Speed: Fast Access Time 100ns/120ns/150ns max 

• Equal Access and Cycle Time 

• Completely Static RAM: No Clock or Timing Strobe Required 

• Capability of Battery Backup Operation: (LP) 

• Common Data Input and Output: Three State Outputs 

• Directly TTL Compatible: All Input and Outputs 

• Standard 28 Pin Package Configuration 

• Pin Out Compatible with 64K EPROM HN482764 

■ BLOCK DIAGRAM 

r — &= 




A 8 



f*= 



Memory Matrix 
256X256 



i PIN APPRANGEMENT 



nsr 



Data 
Control 



Column Decoder 



m 



i 

\ 



r* 



A () A | A 2 



Timing Pulse Gen 
Read. Write Control 



^ 



i ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage * 


VI 


-0.5 ** to +7.0 


V 


Power Dissipation 


PT 


1.0 


W 


Operating Temperature 


7opr 


to +70 


°c 


Storage Temperature 


7stg 


-55 to +125 


°c 


Storage Temperature (Under Bias) 


7\>ias 


-10 to +85 


°c 



* With respect to GND. 
■ TRUTH TABLE 



** Pulse width 50ns: -3.0V 



nc(T 

A 12 [T 
A 7 [T 
A 6 |T 
A 5 [T 

A 4 [I 
A 3 [T 
A 2 (T 
A,[T 
A o (l0 

i/o.fn 

i/o 2 [u 

I/0 3 [l3 
GND[l4 



28 



KCC 
27] WE 
CS 2 



26 



25JA 8 
24] A 9 
HJA,, 
22] OE 
2l] A, 
20] CS, 
i/o 8 



19 



18 



17 



16 



I/0 7 
I/0 6 
I/0 5 



T5]i/o 4 



(Top View) 



WE 


cs; 


cs 2 


OE 


Mode 


I/O Pin 


Vqq Current 


Note 


X 


H 


X 


X 


Not Selected 
(Power Down) 


HighZ 


/SB, /SB1 




X 


X 


L 


X 


HighZ 


/SB, /SB2 




H 


L 


H 


H 


Output Disabled 


HighZ 


/CC, /CC1 




H 


L 


H 


L 


Read 


Dout 


/CC, /CC1 




L 


L 


H 


H 


Write 


Din 


/CC, /CC1 


Write Cycle (1) 


L 


L 


H 


L 


Din 


/CC, /CC1 


Write Cycle (2) 
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RECOMMENDED DC OPERATING CONDITIONS (T a = to +70°C) 



-HM6264LP-SL, HM6264LFP-SL Series 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


Vih 


2.2 


- 


6.0 


V 


VlL 


-0.3* 


- 


0.8 


V 



* Pulse Width 50ns: -3.0V 



■ DC AND OPERATING CHARACTERISTICS (T A 


= 0°C to 


70°C, V cc = 5V + 10%, GND = OV) 




Parameter 


Symbol 


HM6264LP- 
10SL/12SL/15SL 


Unit 


Test Conditions 


Notes 




min 


typd) 


max 




Input Leakage Current 


UliI 


— 


- 


2 


liA 


V IN = GND to V cc 


- 


Output Leakage Current 


HloI 


- 


- 


2 


/xA 


CSl = V IH or CS2 = V IL 
or OE = V IH or WE = V IL , 
V I/0 = GND to V cc 


- 


Operating Power Supply Current. DC 


l cc 


- 


40 


80 


mA 


CSl = V IL , CS2 = V IH , 
I I/0 = 0mA 


- 


Average Operating Current 


^Cl 


- 


60 


110 


mA 


Minimum Cycle duty = 100%, 
I 1/0 = 0mA 


- 


Standby Power Supply Current (1) 


! SB 


— 


1 


3 


mA 


CSl = V IH or CS2 = V IL 


- 


Standby Power Supply 
Current (2) DC 


*SBI 


- 


- 


20 


M A 


CSl > V CC -0.2V, CS2 > 
V cc -0 2v, or CS2 < 0.2V 


(2) (3) 


Standby Power Supply 
Current (3)- DC 


!SB2 


- 


- 


20 


/xA 


CS2 < 0.2V 


(2) (3) 


Output Low Voltage 


Vol 


- 


- 


04 


V 


I OL = 2 1mA 


- 


Output High Voltage 


Vqh 


24 


- 


- 


V 


Iqh = _ 1 0mA 


- 



Notes) 1 Typical limits arc at V cc = 5 0V, T A = +25°C and specified loading 

2 V„ min = -0 3V 

3 I SB , , = fyA max. @ T A = 0°C to40°C, V„ min = -0 3V 



■ CAPACITANCE (/= 1MHz, T a = 25°C) 
Note) This parameter is sampled and not 100% tested. 



Item 


Symbol 


Test Condition 


typ 


max 


Unit 


Input Capacitance 


Cin 


V in = 0V 


- 


6 


pF 


Input/Output Capacitance 


Clio 


Vi/o = OV 


- 


8 


pF 



■ AC CHARACTERISTICS (V CC = 5V±10%, Ta = to +70 C) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10ns 

Input and Output Timing Reference Level: 1 .5V 

Output Load: 1TTL Gate and C^ = 100pF (including scope and jig) 
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HM6264LP-SL, HM6264LFP-SL Series - 



• WRITE CYCLE (1) (OE clock) 



Address 



3C 



W 77777777/ 7V77 



WE- 



~'WC~ 



I4) 



-*CW1 r- 



Mt cw2 —!M2 



a& V77777r, 77mm ^\\\4\\\\\\\v 



tQHzlS] 

Din < < 



k^Tm|w////>//// 



t Dw^- 



f DH 



isK 



• WRITE CYCLE <2) (OE Low Fix) 



Address ) ( 



CS2/ 



-*wc- 



- f AW~ 



3c 



x^-[6r^' 21 — v77J(// /////. 



////////F 



- t CW2[2] 



f WR2 [4] 



HasW 



Sg^ 



'wpUI— -( 



pout ^»^^^ ^ 



tWHZ 



-<xx 



'WRI [4] 



*Wi» [4] 



- f O/T 



'ow- 



f DW+^H 



[7] 



[9] 



[8] 



■o^ 



)©- 



• WRITE CYCLE 







Symbol 

/ 


HM6264LP-10 


HM6264LP-12 


HM6264LP-15 


Unit 




min 


max 


min 


max 


min 


max 


Write Cycle Time 


twc 


100 


- 


120 


- 


150 


- 


ns 


Chip Selection to End of Write 


tew 


80 


- 


85 


- 


100 


- 


ns 


Address Setup Time 


tAS 





- 





- 





- 


ns 


Address Valid to End of Write 


tAW 


80 


- 


85 


- 


100 


- 


ns 


Write Pulse Width 


tWP 


60 


- 


70 


- 


90 


- 


ns 


Write Recovery Time 


CS1.WE 


tWRl 


5 


- 


5 


- 


10 


- 


ns 


CS2 


tWR2 


15 


- 


15 


- 


15 


- 


ns 


Write to Output in High Z 


tWHZ 





35 





40 


. 


50 


ns 


Data to Write Time Overlap 


tDW 


40 


- 


50 


- 


60 


- 


ns 


Data Hold from Write Time 


tDH 





- 





- 





- 


ns 


OE to Output in High Z 


tOHZ 





35 





40 





50 


ns 


Output Active from End of Write 


tow 


5 


- 


5 


- 


10 


- 


ns 



NOTES: 

1 ) A write occurs during the overlap of a low CSJ, a high CS2 and a low WE. A 
wri te be gins at the latest transition among CS1 going low, CS2 going high 
and WE going low. A wri te en ds at the earliest transition among C51 going 
high, CS2 going low and WE going high. t WP is measured from the begin- 
ning of write to the end of write. 

2) t cw is measured from the later of CS1 going low or CS2 going high to the 
end of write. 

3) tjs is measured from address valid to the beginning of write. 

4) t WR is measured from the end of wr ite to th e ch ange of address. 
i WRI applies in case a write ends at CS1 or WE going high. 



t W R2 applies in case a write ends at CS2 going low. 

5) During this period, I/O pins are in the output state, input signals of opposite 
phase to the outputs must not be ap plied. 

6) If CSl goes low simultaneously with WE going low or after WE going low, 
the outputs remain in high impedance state. 

7) Dout is in the same phase as written data of this cycle. 

8) Dout is the read data of the new address. 

9) If CS1 is low and CS2 is high during this period, I/O pins are in the output 
state, input signals of opposite phase to the outputs must not be applied. 
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-HM6264LP-SL, HM6264LFP-SL Series 



■ TIMING WAVEFORM 
• READ CYCLE 



Address 



CS1 



CS2 



y. 



- f RC~ 



Si 



- { AA~ 



- f coi- 



x 



1WMME1 



- t LZl~ 




t C02~ 



-*HZ1- 



1 



£ 



OE 



t LZ2~ 



xMWWWW 



-tQE- 



IL 



{ OLZ- 



w 



y 



- t HZ2- 



El 



Z 



K>( 



- l OHZ- 



Data Valid 






NOTES: 1) WE is high for Read Cycle 

2) When CS1 is Low and CS2 is High the 

address input must not be in the high impedance state. 



• READ CYCLE 







Symbol 


HM6264LP-10 


HM6264LP-12 


HM6264LP-15 


Unit 




min 


max 


min 


max 


min 


max 


Read Cycle Time 


tRC 


100 


- 


120 


- 


150 


- 


ns 


Address Access Time 


tAA 


- 


100 


- 


120 


- 


150 


ns 


Chip Selection to Output 


CS1 


tcoi 


- 


100 


- 


120 


- 


150 


ns 


CS2 


tC02 


- 


100 


- 


120 


- 


150 


ns 


Output Enable to Output Valid 


tOE 


- 


50 


- 


60 


- 


70 


ns 


Chip Selection to 


CS1 


tLZl 


10 


- 


10 


- 


15 


- 


ns 


Output in Low Z 


CS2 


tLZ2 


10 


- 


10 


- 


15 


- 


ns 


Output Enable to Output in Low Z 


tOLZ 


5 


- 


5 


- 


5 


- 


ns 


Chip Deselection to 


CS1 


tHZl 





35 





40 





50 


ns 


Output in High Z 


CS2 


tHZ2 





35 





40 





50 


ns 


Output Disable to Output in High Z 


tOHZ 





35 





40 





50 


ns 


Output Hold from Address Change 


tOH 


10 


- 


10 


- 


15 


- 


ns 



NOTES • 1 l HZ and t OHZ are defined as the time at which the outputs achieve the open circuit condition and are not referred to output 
voltage levels. 

2 At any given temperature and voltage condition, actual t HZ is less than actual t^ both for a given device and from device 
to device. 
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HM6264LP-SL, HM6264LFP-SL Series - 



• LOW V cc DATA RETENTION CHARACTERISTICS (T A = 0°C to 70°C) 

0) l CCDR = 3/tA max, @ T A = 0°C to 40°C, V IL min = -0.3V 

(2) JcCDR = 1-5M max, @ T A = 25°C, V IL min = -0.3V 

(3) V IL min = -0.3V 

(4) t RC = Read Cycle Time 



Parameter 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


V cc for Data Retention (1) 


v D ri 


CSl > V cc -0.2V, CS2 > V cc -0.2V 
orCS2 < 0.2V 


2.0 


- 


- 


V 


V cc for Data Retention (2) 


V DR2 


CS2 < 0.2V 


20 


- 


- 


V 


Data Retention Current (1) 


JcCDRI 


V cc = 3.0V, CST > V cc -0 2V, CS2 
> V cc -0.2V or CS2 < 2V 


- 


1 


(D(2)(3) 10 




Data Retention Current (2) 


J CDDR2 


V cc = 3 0V, CS2 < 0.2V 


- 


1 


(0(2) (3) 10 


HA 


Chip Deselection to Data 
Retention Time 


J CDR 


See Retention Waveform 





- 


- 


ns 


Operation Recovery Time 


tR 


(4) t RC 


- 


- 


ns 



• LOW Vcc DATA RETENTION WAVEFORM (2) (CS1 Controlled) 




0V- 



Data Retention Mode 



CS1J>F CC -0.2V 




NOTE: 



• LOW Vcc DATA RETENTION WAVEFORM (2) 


(CS2 Controlled) 






Vcc < 

A 5V ^ 




Data Retention Mode 






/_ 


4. J V 


*CDR 


V 


/ 


tR 




CS2 . 

V DR2 _V^_ 


at m 






\ 


/ 






\ CS2 < 0.2V 7 




rvii 










ov 



CS 2 controls Address buffer, WE buffer, CS, buffer and Din buffer. If 
CS 2 controls data retention mode, Vin level (Address, WE, CS, , I/O) can 
be in the high impedance state. If CS, controls data retention mode, CS 2 
mus t be CS 2 >Vcc-0.2V or CS 3 ^0.2V. The other inputs level (address, 
WE, I/O) can be in the high impedance state. 
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HM6288P Series 



Preliminary 



1 6384-word X 4-bit High Speed Static CMOS RAM 
■FEATURES 

• Single 5V Supply and High Density 22 Pin Package. 

• High Speed: Fast Access Time 35/45/55 ns (max). 

• Low Power Standby and Low Power Operation 
100juW typ. (Standby) 300mW typ. (Op.). 

• Completely Static Memory 

No Clock or Timing Strobe Required. 

• Equal Access and Cycle Times. 

• Directly TTL Compatible — All Inputs and Outputs. 

■BLOCK DIAGRAM 




128 Rows 
512 Columns 



-Vci 



I/O, o- 

I/0 2 O- 

I'OjO- 

I/<>4 O- 



r*"1 — 

. _£s Input 

' K. Data 

■ ~lf Control 



Column Decoder 



F^ 
r^ 



p 




IPIN ARRANGEMENT 



Ao[T 

A,rr 

A2 [7 

A 3 [T 
A.[T 
AsQT 

\ 6 \T 

A 7 [T 

AsjT 

cs flo" 

GNU [IT 



£?] An 
20] An 
jq] An 

TsJAio 
HI A » 

75]l/02 

IT) i/(h 

7S]l/04 

TF|we 



■ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Un.t 


Voltage on Any Pin Relative to GND 


v IN 


-3.5* to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


T.,r 


to +70 


•c 


Storage Temperature 


T.„ 


-55 to +125 


•c 


Temperature under Bias 


T,,.. 


-10 to +85 


•c 



* Pulse Width 20ns. DC--0 5V 



Note) The specifications of this device are subject to change without notice. 

Please contact your nearest Hitachi's Sales Dept. regarding specifications. 
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HM6288P Series - 



■TRUTH TABLE 



cs 


WE 


Mode 


Vcc Current 


I/O Pin 


Ref. Cycle 


H 


X 


Not Selected 


Isb, Isbi 


HighZ 


- 


L 


H 


Read 


Ice 


Dout 


Read'Cycle 


L 


L 


Write 


Ice 


Din 


Write Cycle 



■RECOMMENDED DC OPERATING CONDITIONS ( Ta=0 to +70°C) 



Parameter 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


50 


5.5 


V 


GND 











V 


Input High (logic 1) Voltage 


VlH 


2.2 


- 


6.0 


V 


Input Low (logic 0) Voltage 


VlL 


-3.0* 


- 


0.8 


V 



* Pulse width 10ns DC -0 5V 



IDC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, 7cc = 5V±10%,GND = 0V) 



Parameter 


Symbol 


Test Condition 


mm 


typ 


max 


Unit 


Input Leakage Current 


1 Iu\ 


Vcc = MAX. I//N=GNDto Vcc 


- 


- 


20 


uA 


Output Leakage Current 


\Ilo\ 


CS=K/*,K//o=GNDto Vcc 


- 


- 


10 


mA 


Operating Power Supply Current 


Ice 


CS= Ku,///o = 0mA 


- 


60 


TBD 


mA 


Standby Power Supply Current 


Isb 


CS=F/« 


- 


15 


TBD 


mA 


Standby Power Supply Current (1) 


Isbi 


CS^ Vcc-02V, ViN<Q2Vor Vis* ftc-0.2V 


- 


0.02 


2.0 


mA 


Output Low Voltage 


Vol 


7oz.= 8mA 


- 


- 


04 


V 


Output High Voltage 


Voh 


Ioh= -4.0mA 


2.4 


- 


- 


V 



Note 1, Typical limits are at Vcc = 5 0V, Ta= + 25°C and specif led loading 



■CAPACITANCE ( Ta=2b°C,f 


= 1.0MHz) 










Parameter 


Symbol 


Test Conditions 


mm 


max 


Unit 


Input Capacitance 


Cm 


Vih=0V 


- 


6 


pF 


Input/Output Capacitance 


Ci/o 


Vi/o = QV 




10 


PF 



Note This parameter is sampled and not 100% tested 



■AC CHARACTERISTICS 

• AC Test Conditions 

Input pulse levels: GND to 3.0V 
Input rise and fall times: 5ns 5V 



Input and Output timing reference levels: 1.5V 
Output load: See Figure 



255Q < 



ZZ 30 P F* 



7fr 

Output Load (A) 

♦Including scope & jig. 
Output Load (A) 



255Q<; 



ZZ5pF* 



77T 

Output Load (B) 

(for tffz, tiz, twZ & tOW) 
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HM6288P Series 



IREAD CYCLE ( Ta= to + 70°C, Vcc = 5V + 10%, unless otherwise noted. ) 



Parameter 


Symbol 


HM6288P-35 


HM6288P-45 


HM6288P-55 


Unit 


mm 


max 


min 


max 


min 


max 


Read Cycle Time 


tRC 


35 


- 


45 


- 


55 


- 


ns 


Address Access Time 


tAA 


- 


35 


- 


45 


- 


55 


ns 


Chip Select Access Time 


tACS 


- 


35 


- 


45 


- 


55 


ns 


Output Hold from Address Change 


toH 


5 


- 


5 


- 


5 


- 


ns 


Chip Selection to Output in Low Z 


tLZ* 


10 


- 


10 


- 


10 


- 


ns 


Chip Deselection to Output in High Z 


tHZ* 





20 





20 





20 


ns 


Chip Selection to Power Up Time 


tpv 





- 





- 





- 


ns 


Chip Deselection to Power Down Time 


tPD 


- 


30 


- 


30 


- 


30 


ns 



I 



* Transition is measured ±200mV from steady state voltage with Load(B) 
This parameter is sampled and not 100% tested 

• Timing Waveform of Read Cycle No.1 tu L 2 J 



X 



MXM 



3( 



n 



> Timing Waveform of Read Cycle No.2 " * ™ 



\ 



<xm>( 



j~ 



Ice Supply 
Current 



Isb 



7 50% 



A. 



Notes 1 WE is High for Read Cycle 

2 Device is continuously selected, CS= Vil 

3 Address Valid prior to or coincident with CS transition Low 



■WRITE CYCLE 



Parameter 


Symbol 


HM6288P-35 


HM6288P-45 


HM6288P-55 


Unit 


mm 


max 


min 


max 


min 


max 


Write Cycle Time 


twc 


35 


- 


45 


- 


55 


- 


ns 


Chip Selection to End of Write 


ten 


30 


- 


40 


- 


50 


- 


ns 


Address Valid to End of Write 


tAW 


30 


- 


40 


- 


50 


- 


ns 


Address Setup Time 


tAS 





- 





- 





- 


ns 


Write Pulse Width 


twp 


30 


- 


35 


- 


45 


- 


ns 


Write Recovery Time 


t\\R 


TBD 


- 


TBD 


- 


TBD 


- 


ns 


Data Valid to End of Write 


/dm 


20 


- 


20 


- 


25 


- 


ns 


Data Hold Time 


tDH 





- 





- 





- 


ns 


Write Enabled to Output in High Z 


twz* 





10 





15 





20 


ns 


Output Active from End of Write 


/ow* 





- 





- 





- 


ns 



* Transition is measured ± 200mV from steady state voltage with Load (1 
This parameter is sampled and not 100% tested 
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HM6288P Series - 



• Timing Waveform of Write Cycle No.1 (WE Controlled) 



Z3( 



IS 



Sk 



)£ 



llAll ////// 



m 



3 r 



■®( 



tj>«(5) 



Data in Valid 



)<X>- 



««««««) ■ 



■»e 



• Timing Waveform of Write Cycle No.2 (CS Controlled) 



IDC 



3( 



"v 



WWWWVk 



j r 



twpjl) 



xxxxxxxxxxxxx^ 



fty*C2) 



/////////// 



XX XXXX X X 



High Impedance (4) 



Notes) 1 A write occurs during the overlap of a lo w CS and a low WE (tup) 

2 A* r is measured from the earlier of CS or WE going high to the end of write cycle 

3 During this period, I/O pins are in the output state so that the input signals of opposite phase to the 
outputs must not be applied 

4 If the CS low transition occurs simultaneously with the WE low transition or after the WE 
transition, the output buffers remain in a high impedance state 

5 If CS is low during this period, I/O pins are in the output state Then the data input signals 
of opposite phase to the outputs must not be applied to them 

6 Dout is the same phase of write data of this write cycle 
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HM6788 Series, 
HM6788P Series 

16384-word x 4-bit High Speed Static RAM 

■ FEATURES 

• Super Fast Access Time: 25ns (max) available 
30ns (max.) 

• Low power Operation 

Operating: 230mW (typ), Standby: 10mW (typ) 

• +5V Single Supply 

• Completely Static Memory- 
No Clock or Timing Strobe required 

• Balanced Read and Write Cycle Time 

• Fully TTL compatible Input and Output 

• Skinny 22 Pin cerdip (300 mil) 

• 22 Pin plastic dip (300 mil) available 

■block diagram 



Preliminary 




i 




Vcr 


■PIN ARRANGEMENT 


GND 


a{7 




~n\v cc 




Ai[T 




ITJau 




A 2 [T 




1o]aij 




A 3 [T 




J9) Al ' 




m 




jiJAio 




As[T 




17] A» 




*q; 




Te]i/0i 




A7JT 




1T]i/02 




a 8 [T 




]7]i/03 




csJTo 




H]i/04 




gndQT 




]3we 



(Top View) 



■ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage to GND pin 


Vt 


-0.5 to +7.0 


V 


Power Dissipation 


Pt 


1.0 


W 


Operating Temperature 


7V 


Oto +70 


•c 


Storage Temperature (with bias) 


r, fK (bias) 


-10 to +85 


•c 


Storage Temperature 


Tstg 


-55 to +125 


'C 
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HM6788- 



IRECOMMENDED DC OPERATING CONDITIONS (0°C ^ Ta^ 70°C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 








60 


V 


Input High Voltage 


VlH 


2.2 


- 


6.0 


V 


Input Low Voltage 


VlL 


-0.3 


- 


0.8 


V 



■TRUTH TABLE 



cs 


WE 


Mode 


Vcc Current 


Output Pin 


Ref. Cycle 


H 


X 


Not selected 


Isb, Isbi 


HighZ 


- 


L 


H 


Output Disabled 


Ice, Icci 


HighZ 


- 


L 


H 


Read 


Ice, Icci 


Dout 


Read Cycle (1) (2) 


L 


L 


Write 


Ice, Iccx 


Din 


Write Cycle (1) (2) 



IDC AND OPERATING CHARACTERISTICS ( Vcc = 5V ± 10%, Ta=0°C to +70°C) 



Item 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input Leakage Current 


l/i/l 


Vcc = 5.5V, ViN=0Vto Vcc 


- 


- 


2 


M 


Output Leakage Current 


\Ilo\ 


CS=Vih, F//o=GNDto Vcc 


- 


- 


2 


mA 


Opearating Power Supply Current 


Ice 


CS=V, L ,Ii/o=0mA 


- 


46 


80 


mA 


Average Operating Current 


Icci 


Min Cycle, Duty: 100% 


- 


69 


120 


mA 


Standby Power Supply Current 


Isb 


CS= Vih, 7//o=0mA 


- 


11 


30 


mA 


Isbi 


CS^ Vcc-02V, ViN^MVor Vi\> ftc-02V 


- 


2 


10 


mA 


Output Low Voltage 


Vol 


7oL=8mA 


- 


- 


0.5 


V 


Output High Voltage 


Voh 


I oh = — 4mA 


2.4 


- 


- 


V 



■AC CHARACTERISTICS (V cc = 5V ±10%, T a = to +70°C, unless otherwise noted) 
• AC Test Conditions 



Input pulse levels: GND to 3.0V 
Input rise and fall time: 4ns 



Input and Output reference levels: 1.5V 

±500mV from steady level (Output Load B) 
Output Load: See Figure 



+5V 

o 



Dout 

o— 



255Q3 



777 
Output Load A 



Dout 

o— 



777 

* Including scope and jig. 

Output Load B 
<$CHZ, tWHZ, tCLZ, WW) 



212 



HITACHI 

Hitachi America Ltd. • 2210 OToole Avenue • San Jose, CA 95131 • (408)435-8300 



• READ CYCLE (25 ns (max) version available) 








HM6788 


Item 


Symbol 


mm 


max 


Unit 


Read Cycle Time 


tRC 


30 


- 


ns 


Address Access Time 


tAA 


- 


30 


ns 


Chip Select Access Time 


tACS 


- 


30 


ns 


Chip Selection to Output in Low Z 


tCLZ 





- 


ns 


Chip Deselection to Output in High Z 


tCHZ 





12 


ns 


Output Hold from Address Change 


tOH 


5 


- 


ns 


Chip Selection to Power Up Time 


tPV* 





- 


ns 


Chip Deselection to Power Down Time 


tPD* 


- 


30 


ns 



I 



* This parameter is sampled and not 100% tested 



• Timing waveform of Read Cycle No. 1 1),2) 



)( 



WK 



X 



IX 



• Timing waveform of Read Cycle No. 2 1),3) 



\ 



i 



m 



Note) 1. WE= Vjh 

2. CS=K /Z/ _ 

3. Address valid prior to or coincident with CS transition Low. 



• WRITE CYCLE 



Item 


Symbol 


min 


max 


Unit 


Write Cycle Time 


/»c 


30 


- 


ns 


Chip Selection to End of Write 


tew 


25 


- 


ns 


Address Setup Time 


tAS 





- 


ns 


Address Valid to End of Write 


tAW 


25 


- 


ns 


Write Pulse Width 


twp 


25 


- 


ns 


Write Recovery Time 


tWR 





- 


ns 


Write to Output in High Z 


tWHZ 





12 


ns 


Data Valid to End of Write 


tDW 


15 


- 


ns 


Data Hold Time 


tDH 


5 


- 


ns 


Output Active from End of Write 


tow 





- 


ns 
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HM6788- 



• Timing waveform of Write Cycle No. 1 (WE Controlled) 



X. 



xsa 



)( 



{DJUR 



\X 



Y 



77171^ 



A 



iDW __ IDH 



/ 



©$ 



> 



Timing waveform of Write Cycle No. 2 (CS Controlled) 



)( 



A 



\ 



SS 



/ 



5^ 



^A 



s 



<f 



iSZZ 



mm 



Notes: 1. A write occurs during the overlap (twp) of a low CS and a low WE. 

2. During this period, I/O pins are in the output state so that the input signals of 
opposite phase to the outputs must not be applied. 

3. Dout is_the same phase of write data of this write cycle. 

4. If the CS low transition occurs after the WE low transition, output remain in a 
high impedance state. 

5. If CS is low during this period, I/O pins are in the output state. Then, the data 
input signals of opposite phase to the outputs must not be applied to them. 
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■CAPACITANCE (7fl=25°C,/=1.0MHz) 




HM6788 


Item 


Symbol 


min 


typ 


max 


Conditions 


Input Capacitance 


Cis 


- 


- 


6.0 


V/n=0V 


Input/Output Capacitance 


Ci/o 


- 


- 


8.0 


Vovt=W 



Note) This parameter is sampled and not 100% tested. 
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HM6287P Series, 
HM6287CG Series 



65536-word X 1-bit High Speed Static CMOS RAM 

■ FEATURES 

• High Speed: Fast Access Time 45/55/70ns (max.) 

• Single 5V Supply and High Density 22 Pin Package 

• Low Power Standby and Low Power Operation 
Standby: 100juW (typ.), Operation: 300mW (typ.) 

• Completely Static Memory 

No Clock or Timing Strobe Required 

• Equal Access and Cycle Times 

• Directly TTL Compatible: All Inputs and Output 

■ BLOCK DIAGRAM 



D* 



Row 
Deeode 



* U 

°— ft 

cs--D>°- 



wr-O-J 



■3; 



Column Decoder 



TOW?? 

A> A. A. A t A. A, A. A, A,« 



HM6287P Series 



<40 



(DP-22N) 



HM6287CG Series 



(CG-22A) 



PIN ARRANGEMENT 

• HM6287P Series 




• HM6287CG Series 



• • 22 • 1 21 ; 

I II M II 1 

L.J, |L-JL_J 



L2 



,12 



L!2- A13 
CH" Ait 



1 10 1 1 11 1 1 12 I I 13 I 



(Top View) 



(Top View) 
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HM6287P Series, HM6287CG Series 



ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to GND* 


V T 


-0.5 to +7.0 


V 


Power Dissipation 


Pt 


1.0 


w 


Operating Temperature 


*opr 


to +70 


°c 


Storage Temperature 


Plastic 


T 8tg 


-55 to +125 


°c 


Ceramic 


-65 to +150 


Temperature Under Bias 


T bias 


-10 to +85 


°c 



V T min = -3.5V (Pulse width 20ns) 



■ TRUTH TABLE 










cs~ 


WE 


Mode 


Vcc Current 


Dout Pin 


Ref. Cycle 


H 


X 


Not Selected 


! SB^SB1 


HighZ 


- 


L 


H 


Read 


Ice 


Dout 


Read Cycle 


L 


L 


Write 


he 


HighZ 


Write Cycle 



RECOMMENDED DC OPERATING CONDITIONS (T a = to +70°C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


Vih 


2.2 


- 


6.0 


V 


Vil 


-3.0* 


- 


0.8 


V 



♦Pulse width 20ns, DC: -0.5 V 

■ DC AND OPERATING CHARACTERISTICS (K C c = 5V±10%,GND = 0V,r fl = 0to +70°C) 



Item 


Symbol 


Test Conditions 


min 


typ* 


max 


Unit 


Input Leakage Current 


•/l/I 


V C c s Max., V in = GND to V CC 


- 


- 


2.0 


MA 


Output Leakage Current 


i/lo> 


CS"= V IHt V out = GND to V CC 


- 


- 


2.0 


ma 


Operating Power Supply Current 


Ice 


CS"* V IL J out = 0mA 


- 


60 


100 


mA 


Standby Power Supply Current 


ISB 


cs=v IH 


- 


10 


30 


mA 


ISBl 


CS= V CC -0.2V, V IN < 0.2V or ^ Fee -Q2V 


- 


0.02 


2.0 


mA 


Output Voltage 


Vol 


Iol ~ 8mA 


- 


- 


0.4 


V 


VqH 


Ioh = -4.0mA 


2.4 


- 


- 


V 



* Typical limits are at V C c = 5.0V, T a = 25° C and specified loading. 



■ CAPACITANC 


E(/ 


= lMHz,2V 


= 25°C) 










Item 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input Capacitance 


C in 


V in = 0V 


- 


- 


5 


pF 


Output Capacitance 


C out 


Vout = 0V 


- 


- 


7.5 


pF 



I 



Note) This parameter is sampled and not 100% tested. 
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HM6287P Series, HM6287CG Series- 



■ AC CHARACTERISTICS (V C c = 5V ±10%, T a = to +70°C, unless otherwise noted) 
• AC TEST CONDITIONS 

Input Pulse Levels: GND to 3.0V 

Input Rise and Fall Times: 5ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: See Figure 



Output Load A 



Output Load B 



5V 
>480£ 



i 



# Including scope & jig capacitance 



# Including scope & )ig capacitance 



■ READ CYCLE 



Item 


Symbol 


HM6287-45 


HM6287-55 


HM6287-70 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


Read Cycle Time 


*RC 


45 


- 


55 


- 


70 


- 


ns 


1 


Address Access Time 


tAA 


- 


45 


- 


55 


- 


70 


ns 




Chip Select Access Time 


UCS 


- 


45 


- 


55 


- 


70 


ns 




Output Hold from Address Change 


(OH 


5 


- 


5 


- 


5 


- 


ns 




Chip Selection to Output in Low Z 


tLZ 


5 


- 


5 


- 


5 


- 


ns 


2,3,7 


Chip Deselection to Output in High Z 


mz 





30 





30 





30 


ns 


2,3,7 


Chip Selection to Power Up Time 


tpu 





- 





- 





- 


ns 


7 


Chip Deselection to Power Down Time 


tPD 


- 


40 


- 


40 


- 


40 


ns 


7 



• Timing Waveform of Read Cycle No. 1 



(4)(5) 



Addr 



Dout 



)C 



X 



Previous Data Valid V V V V Data Valid 

• Timing Waveform of Read Cycle No. 2 (4)(6) 



K 



cs 



\ 



Ice 



J 



High Impedance 



KXXX^E^L 



Vqc supply 
current . 



-If 



H.gh 
—~tni ^jI m P e dance 



50% \ 



I SB 

Notes: 1. All Read Cycle timings are referenced from last valid address to the first transitioning address. 

2. At any given temperature and voltage condition, tjjz max. is less than tiz m in. both for a given device 
and from device to device. 

3. Transition is measured ±500 mV from steady state voltage with specified loading in Load B. 

4. WE is high for READ Cycle. 

5. Device is continuously selected, while CS= Vji. 

6. Address valid prior to or coincident with CS transition low. 

7. This parameter is sampled and not 100% tested. 
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- HM6287P Series, HM6287CG Series 



• WRITE CYCLE 



Item 


Symbol 


HM6287-45 


HM6287-55 


HM6287-70 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


Write Cycle Time 


*WC 


45 


- 


55 


- 


70 


- 


ns 




Chip Selection to End of Write 


tew 


40 


- 


50 


- 


55 


- 


ns 




Address Valid to End of Write 


tAW 


40 


- 


50 


- 


55 


- 


ns 




Address Setup Time 


tAS 





- 





- 





- 


ns 




Write Pulse Width 


tWP 


25 


- 


35 


- 


40 


- 


ns 




Write Recovery Time 


tWR 





- 





- 





- 


ns 




Data Valid to End of Write 


tDW 


25 


- 


25 


- 


30 


- 


ns 




Data Hold Time 


tDP 





- 





- 





- 


ns 




Write Enabled to Output in High Z 


twz 





25 





25 





30 


ns 


3,4 


Output Active from End of Write 


WW 





- 





- 





- 


ns 


3,4 



I 



• Timing Waveform of Write Cycle No. 1 (WE Controlled) 



Address \/~ 

C5 ~~ 



1. 



WE 
Din 

Dout 



ts: 



- — tow — * |«»- 
) (Data in Valid^ 



r 



Data Undefined 



N Hlgh 



p— / on —— 



Impedance 



> Timing Waveform of Write Cycle No. 1 (CS Controlled) 



ZX 



CS 

We 

Din 
Dout 



t: 



:\ 



±_ 



X Data in Valid ) ( 



Data Undefined 



J 



High Impedance 



Notes) 1. If CS goes high Simultaneously with WE high, the output remains in a high impedance state. 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 
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HM6287P Series, HM6287CG Series - 



SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE 









7o=25t 


























if^ "" 

















50 525 

Supply Voltage Vcc (V) 









lfr=5()V 























































Ambient Temperature Ta (tl) 



ACCESS TIME vs. SUPPLY VOLTAGE 



ACCESS TIME vs. AMBIENT TEMPERATURE 



I n 



3 u» 

i 









7o=25t 

















































\cr=5 0V 











































Supply Voltage Vcc (V) 



Ambient Temperature Ta CC) 



STANDBY CURRENT vs. 
SUPPLY VOLTAGE 







































T 
C 


.=25t 

r= Vcc -0.2V 












4 




6 



STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 



10 








\cc=3V 
CS=2 8V 


1 










1 1 

z 










5 










I 
■3 
=1 io-' 

1 

10"' 



















Supply Voltage Vcc (V) 



Ambient Temperature Ta (t) 
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HM6287P Series, HM6287CG Series 



SUPPLY CURRENT vs. 
FREQUENCY 




10 15 

Frequency /(MHz) 



STANDBY CURRENT vs. 
INPUT VOLTAGE 



I 4 











Vcc 
CS = 


r 

»25t 

=5.0V 

=4.8V 




L. 












\ 










1 























Input Voltage V,. (V) 



INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 



| 
I i.i 









7a=25tr 











































INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 









Ta =25XT 











































Supply Voltage Vcc (V) 



Supply Voltage Vcc (V) 



OUTPUT HIGH CURRENT vs. 
OUTPUT HIGH VOLTAGE 



| 10 

z 



\ 






7b=25t 
Vcc=5V 


\ 








> 

































OUTPUT LOW CURRENT vs. 
OUTPUT LOW VOLTAGE 

































Ta =25t 
l'cc=5V 



















Output High Voltage Voh (V) 



Output L.ow Voltage Vol (V) 
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HM6287LP Series 

65536-word X 1-bit High Speed Static CMOS RAM 

■ FEATURES 

• High Speed: Fast Access Time 55/70ns (max.) 

• Single 5V Supply and High Density 22 Pin Package 

• Low Power Standby and Low Power Operation 
Standby: 10 jiW (typ.), Operation: 300 mW (typ.) 

• Completely Static Memory 

No Clock or Timing Strobe Required 

• Equal Access and Cycle Times 

• Directly TTL Compatible: All Inputs and Output 

■ BLOCK DIAGRAM 



.. — Ds 






*mory Arr 
128 x $12 



's; 



Column I/O 



A, A, A. A, A. A A, A, A,. 



ABSOLUTE MAXIMUM RATINGS 




PIN ARRANGEMENT 


Ao(T 


r~^ — 1 


"n\\a 


A.[7 




77] Ais 


A* [7 




To] A u 


a.e 




T^A.j 


A4 G~ 




T7|ai2 


AsJT 




TTJah 


A *Q" 




Hi] Aio 


atJT 




Ts] u 


D«, (T 




u], 


WE (To 




I7]i), n 


onuQT 




TTJfs 



(Top View) 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to GND* 


V T 


-0.5 to +7.0 


V 


Power Dissipation 


P T 


1.0 


W 


Operating Temperature 


Topr 


to +70 


°C 


Storage Temperature 


T stg 


-55 to +125 


°C 


Temperature Under Bias 


Tbias 


-10 to +85 


°C 



* Vf min = -3.5V (Pulse width 20ns) 
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HM6287LP Series 



■ TRUTH TABLE 










cs 


WE 


Mode 


Vqc Current 


Dout Pin 


Ref . Cycle 


H 


X 


Not Selected 


JsBilsBl 


HighZ 


- 


L 


H 


Read 


J CC 


Dout 


Read Cycle 


L 


L 


Write 


Ice 


HighZ 


Write Cycle 



RECOMMENDED DC OPERATING CONDITIONS (T a = to +70°C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


Vm 


2.2 


- 


6.0 


V 


VlL 


-3.0* 


- 


0.8 


V 



♦Pulse width 20ns, DC: -0.5V 

■ DC AND OPERATING CHARACTERISTICS (V CC = 5V±10%,GND = 0V, T a =0to +70°C) 



Item 


Symbol 


Test Conditions 


min 


typ* 


max 


Unit 


Input Leakage Current 


i/l/I 


V CC = Max., V in = GND to V cc 


- 


- 


2.0 


ma 


Output Leakage Current 


I/lo' 


CS"=rjH> K OM , = GNDtoK cc 


- 


- 


2.0 


ma 


Operating Power Supply Current 


he 


^CS"= VlLJout = 0mA 


- 


60 


100 


mA 


Standby Power Supply Current 


Isb 


CS=V IH 


- 


10 


30 


mA 


ISBl 


CS = V CC -0.2V, V IN < 0.2V or ^ V C Q -0.2V 


- 


2 


100 


MA 


Output Voltage 


Vol 


Iol ~ 8mA 


- 


- 


0.4 


V 


Voh 


lOH = -4.0mA 


2.4 


- 


- 


V 



* Typical limits are at V C c ~ 5.0V, T a = 25° C and specified loading. 



■ CAPACITANCES 


= lMHz,r fl 


=25°C) 










Item 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input Capacitance 


C in 


V in = 0V 


- 


- 


5 


pF 


Output Capacitance 


c out 


Vout = 0V 


- 


- 


7.5 


pF 



Note) This parameter is sampled and not 100% tested. 

■ AC CHARACTERISTICS (V C c = 5V ±10%, T a = to +70°C, unless otherwise noted) 
• AC TEST CONDITIONS 

Input Pulse Levels: GND to 3.0V 

Input Rise and Fall Times: 5ns 

Input and Output Timing Reference Levels: 1 .5V 

Output Load: See Figure 



Output Load A 



Output Load B 



5V 



i 



♦ Including scope & jig capacitance 



* Including scope & jig capacitance 
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HM6287LP Series - 



■ READ CYCLE 



Item 


Symbol 


HM6287LP-45 


HM6287LP-55 


HM6287LP-70 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


Read Cycle Time 


tRC 


45 


- 


55 


- 


70 


- 


ns 


1 


Address Access Time 


*AA 


- 


45 


- 


55 


- 


70 


ns 




Chip Select Access Time 


*ACS 


- 


45 


- 


55 


- 


70 


ns 




Output Hold from Address Change 


tOH 


5 


- 


5 


- 


5 


- 


ns 




Chip Selection to Output in Low Z 


tLZ 


5 


- 


5 


- 


5 


- 


ns 


2,3,7 


Chip Deselection to Output in High Z 


(HZ 





30 





30 





30 


ns 


2,3,7 


Chip Selection to Power Up Time 


tpu 





- 





- 





- 


ns 


7 


Chip Deselection to Power Down Time 


*PD 


- 


40 


- 


40 


- 


40 


ns 


7 



• Timing Waveform of Read Cycle No. 1 



(4)(5) 



)C 



Dout 



Previous Data Valid V V V \C 

• Timing Waveform of Read Cycle No. 2 (4)(6) 



Notes: 



CS 



Ice 



Vqc supply 
current . 



High Impedance 



t 50% 



)C 



xz 



J 



(XX yC~^^ 



High 
..Impedance 



»o% \ 



ISB 

1 . All Read Cycle timings are referenced from last valid address to the first transitioning address. 

2. At any given temperature and voltage condition, f//z max. is less than tLZ min. both for a given device 
and from device to device. 

3. Tran sition is measured ±500 mV from steady state voltage with specified loading in Load B. 

4. WE is high for READ Cycle. 

5. Device is continuously selected, while CS = VjL- 

6. Address valid prior to or coincident with CS transition low. 

7. This parameter is sampled and not 100% tested. 
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HM6287LP Series 



• WRITE CYCLE 



Item 


Symbol 


HM6287LP-45 


HM6287LP-55 


HM6287LP-70 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


Write Cycle Time 


twc 


45 


- 


55 


- 


70 


- 


ns 


2 


Chip Selection to End of Write 


tew 


40 


- 


50 


- 


55 


- 


ns 




Address Valid to End of Write 


tAW 


40 


- 


50 


- 


55 


- 


ns 




Address Setup Time 


tAS 





- 





- 





- 


ns 




Write Pulse Width 


tWP 


25 


- 


35 


- 


40 


- 


ns 




Write Recovery Time 


tWR 





- 





- 





- 


ns 




Data Valid to End of Write 


tDW 


25 


- 


25 


- 


30 


- 


ns 




Data Hold Time 


tDH 





- 





- 





- 


ns 




Write Enabled to Output in High Z 


twz 





25 





25 





30 


ns 


3,4 


Output Active from End of Write 


tow 





- 





- 





- 


ns 


3,4 



I 



• Timing Waveform of Write Cycle No. 1 (WE Controlled) 



Address V 

cs — 



A. 



WE 
Din 



Tffi[ 



Data in Valid 



sE 



Data Undefined 



3 



\~— ton— •> 



High Impedance 



• Timing Waveform of Write Cycle No. 1 (CS Controlled) 



ZX 



CS 
WE 

Din 
Dout 



\ 



/ 



jL 



X Data in Valid )( 



Data Undefined 



~> 



High Impedance 



Notes) 1. If CS goes high Simultaneously with WE high, the output remains in a high impedance state. 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 
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HM6287LP Series 



LOW V cc DATA RETENTION CHARACTERISTICS (T a = to +70°C) 



Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Vcc *° r Data Retention 


V D R 


CS£ Vcc -0.2V, 
Vin ^ Vcc~0.2V or 
0V g V in ^ 0.2V 


2.0 


- 


- 


V 


Data Retention Current 


ICCDR 


- 


1 


50** 


ma 


Chip Deselect to Data Retention Time 


tCDR 





- 


- 


ns 


Operation Recovery Time 


tR 


tRC* 


- 


- 


ns 



* tRC = Read Cycle Time ** Vcc = 3.0V 



• LOW V C c DATA RETENTION WAVEFORM 




Date Retention Mode 
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HM6787 Series, 

HM6787CG Series 

65536-word X 1-bit High Speed Static RAM 
■ FEATURES 

• Super Fast Access Time: 25ns/30ns (max.) 

• Low Power Dissipation (DC): 
Operating 180mW (typ) 

• High Driving Capability: l OL 1 6mA 

• +5V Single Supply 

• Completely Static Memory 

No Clock or Timing Strobe Required 

• Balanced Read and Write Cycle Time 

• Fully TTL Compatible Input and Output 

• Skinny 22-pin Cerdip (300 mil) and 22-pin Chip Carrier 



BLOCK DIAGRAM 



Preliminary 



a.— £5= 
a.-CS= 

Ko 
Ai—feZ Select 

A.-t5Z 
A.— D5= 

D.n |jj. 

CS->o 



Memory Matrix 
128X512 



Column I '0 



■^wmrm 



■ABSOLUTE MAXIMUM RATINGS 



HM6787 


Series 




(DG-22N) 


HM6787CG 


Series 


3 


(CG-22A) 



Vcc 






GND 

■ PIN ARRANGEMENT 


• HN6787 Series 


Ao[T 


W 


li] Vcc 


Ai|T 




ID Al5 


A 2 [T 




~20]Au 


A 3 [T 




^9] A13 


— Dout A 4 [T 




iD Ai2 


As[T 




I?] An 


A 6 (T 




l?|Aio 


Ar[T 




TF] a 9 


DoutfT 




TTJAs 


we [To - 




]|] Din 


gndQT" 




7F)cs 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage to GND Pin 


v T 


-0.5 to +7.0 


V 


Power Dissipation 


PT 


1.0 


w 


Operating Temperature Range 


Topr 


to +70 


°c 


Storage Temperature Range 


T stg 


-55 to +125 


°c 



(Top View) 

HM6787CG Series 

At Ao Vcc A 15 



Note) The specifications of this device are subject to change without 
notice. Please contact your nearest Hitachi's Sale Dept. regarding 
specifications. 





/-T7TI 1 n 22 1 1 9i ■ v 

r 1 ii nil' 1 

L.J, |L-JL.J 


A2 

A3 
A4 

As 

A6 

A? 


:u uij in: 

"fj LSI 
r f-] rjffi- 

r 7 = J ZJ 6 ~ 

111 oil 

nr-ir-in 




k 1 , ft H n |l,o» 1 ,,' ^J 

A , 10, , 11 , 1 12 1 1 13 1 f 




WE GND CS D,„ 




(Top View) 
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HM6787 Series, HM6787CG Series - 



RECOMMENDED DC OPERATING CONDITIONS (0°C<Ta<70°C) 



Item 


Symbol 


min. 


typ. 


max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input High Voltage 


Vm 


2.2 


- 


6.0 


V 


Input Low Voltage 


Vil 


-0.3 


- 


0.8 


V 



■ TRUTH TABLE 



cs 


WE 


Mode 


Vcc Current 


Output Pin 


H 


X 


Not Selected 


tSB> hBl 


HighZ 


L 


H 


Read 


he 


Dout 


L 


L 


Write 


he 


HighZ 



■ DC AND OPERATING CHARACTERISTICS (F CC = 5V± 10%, T a 


= 0°Cto+70°C) 






Item 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


I/l/I 


V CC = 5.5V, K /]V = 0V to V CC 


- 


- 


2 


MA 


Output Leakage Current 


I'loI 


CS=r /H , Koi/r^OV to V CC 


- 


- 


2 


ma 


Operating Power Supply Current 


he 


CS = V ILt I I/o = 0mA 


- 


- 


100 


mA 




hB 


CS=F /H ///O = 0mA 


- 


- 


40 


mA 


Standby Power Supply Current 


hBl 


CS^r cc -0.2V 
K /N ^0.2Vor V IN ^V CC -0.2V 


- 


- 


20 


mA 


Output Low Voltage 


Vol 


/ OL = 16mA 


- 


- 


0.5 


V 


Output High Voltage 


Vqh 


hH=-* mA 


2.4 


- 


- 


V 



AC TEST CONDITIONS 

Input pulse levels: GND to 3.0V 
Input rise and fall times: 4ns 
Input timing reference levels: 1 .5V 
Output reference levels: 1.5V 
Output load: See Figure 

DoutO- 



Output Load A 

+ 5V 



' 480 Q 



Output Load B 

(for tHZ, tLZ, twz & tow) 

+ 5V 



► 480Q 



255 q; 



I~30pF* 



DoutO- 



255 Q- 



5pF* 



* Including scope and jig. 
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HM6787 Series, HM6787CG Series 



CAPACITANCE (T a = 25°C,/= 1.0MHz) 



Item 


Symbol 


typ. 


Unit 


Conditions 


Input Capacitance 


C IN 


2.0 


pF 


VlN~ 0V 


Output Capacitance 


CqUT 


3.0 


PF 


Kol/t^OV 



Note) This parameter is sampled and not 100% tested. 



■ AC CHARACTERISTICS (V C c = 5V±10%, T a = 0°C to 70°C, unless otherwise noted.) 
• READ CYCLE 



• WRITE CYCLE 



Note: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 



I 



Item 


Symbol 


HM6787/CG 


HM6787/CG-30 


Unit 


min. 


max. 


min. 


max. 


Read Cycle Time 


tRC 


25 


- 


30 


- 


ns 


Address Access Time 


UA 


- 


25 


- 


30 


ns 


Chip Select Access Time 


*ACS 


- 


25 


- 


30 


ns 


Output Hold from Address Change 


tOH 


5 


- 


5 


- 


ns 


Chip Selection to Output in Low Z 


tLZ 


5 


- 


5 


- 


ns 


Chip Deselection to Output in High Z 


*HZ 





15 





15 


ns 


Chip Selection to Power Up Time 


tpu 





- 





- 


ns 


Chip Deselection to Power Down Time 


tPD 


- 


25 


- 


30 


ns 



Item 


Symbol 


HM6787/CG 


HM6787/CG-30 


Unit 


Notes 


min. 


max. 


min. 


max. 


Write Cycle Time 


twc 


25 


- 


30 


- 


ns 


2 


Chip Selection to End of Write 


tew 


20 


- 


25 


- 


ns 




Address Valid to End of Write 


*AW 


20 


- 


25 


- 


ns 




Address Setup Time 


tAS 





- 





- 


ns 




Write Pulse Width 


*WP 


20 


- 


25 


- 


ns 




Write Recovery Time 


*WR 


5 


- 


5 


- 


ns 




Data Valid to End of Write 


tDW 


20 


- 


25 


- 


ns 




Data Hold Time 


*DH 





- 





- 


ns 




Write Enable to Output in High Z 


twz 





15 





15 


ns 


3,4 


Output Active from End of Write 


tow 





- 





- 


ns 


3,4 
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HM6787 Series, HM6787CG Series - 



• TIMING WAVEFORM OF READ CYCLE NO. 1 1} ' 2) 



Address 



)( 



Data Out Previous Data Valid 



A A A A 



J. 



Data Valid 



• TIMING WAVEFORM OF READ CYCLE NO. 2 lh 3) 



cs 



Data Out 



Vcc Supply 









tRC 


; 






s 


\ 


r 




tACS 








ILZ 


IHZ 






NV\ 




High Impedance 


f Dats 


» Valid 


i 


High Impedance 




\X Ay 






IPU 








tPD 




Ice 

ISB 


J 


^50% 






50%^ 


k 



Note: 1 . WE is high and CS is low for READ cycle. 

2. Addresses valid prior to or coincident with CS transition low. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 
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HM6787 Series, HM6787CG Series 



• TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED) 



Address 



CS 



zx 



xsi 



)( 



zzzzz 



1&ZZZ' 



Data In 



Data Out 



J 



Data In Valid 



Data Undefined 



) 



z 



X 



High Impedance 



( 



Note: 1. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 



• TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED) 



CS 



WE 



Data In 



Data Out 





five 




ID 


i > 


k 




tAS 












tew 










^ 


V 


/ 


tWR 








tAW 










tWP 








\ ) 




WWW 


'///// 






tDW 


IDH 














) 


( 


Data In Valid 


_) 


( 






twz 




























High Impedanc 


e 







Note: 1. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 
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32768-word x 8-bit High Speed CMOS Static RAM 

■ FEATURES 

• High Speed: Fast Access Time 85/100/120/150ns (max) 

• Low Power Standby and Low Power Operation; 

Standby: 200 /*W (typ.), 10 /iW (typ.) (L-version) 
Operation: 40mW (typ.) (f = 1MHz) 

• Single 5V Supply 

• Completely Static RAM: No Clock or Timing Strobe Required 

• Equal Access and Cycle Time 

• Common Data Input and Output, Three-state Output 

• Directly TTL Compatible: All Input and Output 

• Standard 28 Pin Package Configuration 

• Capability of Battery Backup Operation 

■ BLOCK DIAGRAM 



A12- 
A14 - 



X 

Address 
Buffer 



T 



Row 
Decoder 



Memory Array 



I/O0- 
1/07- 

WE- 
01- 

cs- 



I/O 
Buffei 



Column I/O 



Column Decoder 



HM62256LP Series 




(DP-28) 



HM62256LFP Series 




(FP-28D) 



Y Address Buffer 



i PIN ARRANGEMENT 



AO Al A2A10A3A4 



i ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on any pin with relative to GND 


V T 


-0.5* to +7.0 


V 


Power Dissipation 


P T 


1.0 


W 


Operating Temperature 


T pr 


to +70 


°c 


Storage Temperature 


T stg 


-55 to +125 


°c 


Temperature Under Bias 


'bias 


-10 to +85 


°c 



*Pulse Width 50ns: -3.0V 

■ TYPES OF PRODUCTS 



Type No. 


Access 


Package 


HM62256P-8 
HM62256P-10 
HM62256P-12 
HM62256P-15 


85 ns 
100 ns 
120 ns 
150 ns 


600 mil 

28 pin 

plastic DIP 


HM62256LP-8 
HM62256LP-10 
HM62256LP-12 
HM62256LP-15 


85 ns 
100 ns 
120 ns 
150 ns 


HM62256FP-8 
HM62256FP-10 
HM62256FP-12 
HM62256FP-15 


85 ns 
100 ns 
120 ns 
150 ns 


28 pin 


HM62256LFP-8 
HM62256LFP-10 
HM62256LFP-12 
HM62256LFP-15 


85 ns 
100 ns 
120 ns 
150 ns 


plastic SOP 




(Top View) 
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HM62256LP Series, HM62256LFP Series 



■ TRUTH TABLE 



cs~ 


OE 


WE 


Mode 


Vcc Current 


I/O Pin 


Reference Cycle 


H 


X 


X 


Not Selected 


IsB'lsBl 


HighZ 


- 


L 


L 


H 


Read 


l CC 


Dout 


Read Cycle No. 1-3 


L 


H 


L 


Write 


J cc 


Din 


Write Cycle No. 1 


L 


L 


L 


Write 


he 


Din 


Write Cycle No. 2 



X means H or L 

■ RECOMMENDED DC OPERATING CONDITIONS (T a = to +70°C) 



Item 


Symbol 


min. 


typ. 


max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


VlH 


2.2 


- 


6.0 


V 


VlL 


-3.0* 


- 


0.8 


V 



♦Pulse Width: 50ns. DC: V lL mm = -0.5V 



Notes: *: Typical values are at Kcc=5.0V, T a =25°C and specified loading. 



■ CAPACITANCE (7 , <7 =25°C,/=lMHz) 



Item 


Symbol 


Test Condition 


typ. 


max. 


Unit 


Input Capacitance 


C in 


Vtn'OV 


- 


6 


pF 


Input/Output Capacitance 


Cl/O 


Vi/o-ow 


- 


8 


pF 



I 



* DC AND OPERATING CHARACTERISTICS (V CC = SV± 10%. GND=0V, T a =0 to +70 C) 




Item 


Symbol 


Test Condition 


min. 


typ.* 


max. 


Unit 


Input Leakage Current 


\ILI\ 


K/jv=GND to Vcc 


- 


- 


2 


MA 


Output Leakage Current 


VLO\ 


CS=Vfff ox OE= V[H, K//0=GND to Vcc 


- 


- 


2 


ma 


Operating Power Supply Current 


ice 


CS=Vi L ,Ii/o=0mA 


- 


8 


15 


mA 




HM62256LP/LFP-8 


ica 


Min. Cycle, duty=lOO%,///0=OmA 


- 


50 


70 




Average 


HM62256LP/LFP-10 


- 


40 


70 


mA 


Power 


HM62256LP/LFP-12 


- 


35 


70 


Supply 
Current 


HM62256LP/LFP-15 


- 


33 


70 








ICC2 


CS=V/ L , Vih=Vcc, K/z,=OV,///0=OmA,/=lMHz 


- 


8 


15 


mA 


Standby Power Supply Current 


*SB 


CS=K/# 


- 


0.5 


3 


mA 


ISB1 


CS^Kcc-02V 


- 


2 


100 


MA 




vol 


/0L=2.1mA 


- 


- 


0.4 


V 






VOH 


/0/f=-l-O mA 


2.4 


- 


- 


V 



Note) This parameter is sampled and not 100% tested. 



■ AC CHARACTERISTICS (K CC =5V± 1 
e AC Test Conditions 

o Input pulse levels: 0.8V to 2.4V 
o Input rise and fall times: 5ns 



)%, T a =0 to +70 C unless otherwise noted) 

o Input and Output timing reference levels: 1 .5V 
o Output load: 1TTL Gate and C L ■ 100pF 
(Including scope and jig) 
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HM62256LP Series, KM62256LFP Series - 



• Read Cycle 



Item 


Symbol 


HM62256LP/LFP-8 


HM62256LP/LFP-10 


HM62256LP/LFP-12 


HM62256LP/LFP-15 


Unit 


min. 


max. 


min. 


max. 


min. 


max. 


min. 


max. 


Read Cycle Time 


tRC 


85 


- 


100 


- 


120 


- 


150 


- 


ns 


Address Access Time 


tAA 


- 


85 


- 


100 


- 


120 


- 


150 


ns 


Chip Select Access Time 


tACS 


- 


85 


- 


100 


- 


120 


- 


150 


ns 


Output Enable to Output Valid 


tOE 


- 


45 


- 


50 


- 


60 


- 


70 


ns 


Output Hold from Address Change 


tOH 


5 


- 


10 


- 


10 


- 


10 


- 


ns 


Chip Selection to Output in Low Z 


tCLZ 


10 


- 


10 


- 


10 


- 


10 


- 


ns 


Output Enable to Output in Low Z 


WLZ 


5 


- 


5 


- 


5 


- 


5 


- 


ns 


Chip Deselection to Output in High Z 


KHZ 





30 





35 





40 





50 


ns 


Output Disable to Output in High Z 


tOHZ 





30 





35 





40 





50 


ns 



• Timing Waveform of Read Cycle No. 1 [1] 



Address 



OE 



CS 



Dout 



x 



Y 



tRC 



tAA 



tOE 



tOLZ 



-tCLZ- 



-tACS- 



KDK 



X 



V"? 



£ 



tOH 



7////X/// 



-tOHZ- 
-tCHZ- 



Data Valid 




e Timing Waveform of Read Cycle No. 2 m [2] [41 



Address 



Dout 



tRC 



X 



tAA 



tOH 



X 



tOH 



X 



Data Valid 



X 
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HM62256LP Series, HM62256LFP Series 



Timing Waveform of Read Cycle No. 3 [1] [3] [4] 



CS 



Dout 



\. 



tCLZ 



-tACS- 



OT( 



/ 



tCHZ 



Data Valid 



y 



Notes) 1. "WE is High for Read Cycle. 

2. Device is continuously selected, CS = Vj^. 

3. Address Valid prior to or coincident with C5 transition Low. 

4. CfE = V IL . 



I 



• Write Cycle 





Symbol 


HM62256-8 


HM62256-10 


HM62256-12 


HM62256-15 




Item 


min 


max 


min 


max 


min 


max 


min 


max 


Unit 


Write Cycle Time 


l wc 


85 


- 


100 


- 


120 


- 


150 


— 


ns 


Chip Selection to End of Write 


l cw 


75 


- 


80 


- 


85 


- 


100 


— 


ns 


Address Valid to End of Write 


l AW 


75 


- 


80 


— 


85 


- 


100 


— 


ns 


Address Setup Time 


<AS 





- 





— 





- 





— 


ns 


Write Pulse Width 


l WP 


60 


- 


60 


- 


70 


— 


90 


- 


ns 


Write Recovery Time 


C WR 


10 


- 





— 





- 





- 


ns 


Write to Output in High Z 


l WHZ 





30 





35 





40 





50 


ns 


Data to Write Time Overlap 


*DW 


40 


- 


40 


- 


50 


- 


60 


- 


ns 


Data Hold from Write Time 


l DH 





-. 





- 





— 





— 


ns 


Output Disable to Output in High Z 


kmz 





30 





35 





40 





50 


ns 


Output Active from End of Write 


km 


5 


- 


5 


- 


5 


- 


5 


- 


ns 
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HM62256LP Series, HM62256LFP Series - 



Timing Waveform of Write Cycle No. 1 (OE Clock) 





fWC 






Address \/ 


IZ>^ 






h-twRW- 




OS //> 


/ 




tew 


\\\\\\\ 






? 




= wwww 


'////// 






tAS - 


tAW 




WE 


\ 

toHzM 


A\\\ 






twp (D 




Dn»t \\\\\\\\\ 


\ 






///////// 


/ 


tDW 


tDH 




Din 








n\ 














\SA 




^vV\ 



• Timing Waveform of Write Cycle No. 2 [53 (OE Low Fixed) 



Address 



cs 



WE 



Dout 



Din 



x 



tAS 



twe 



tew 



(4) 



tAW 



£L 



\ 



twp CD 



y 



tWHZ 



(3) 



>>»>»»»>> i 



/dw 



(2) 

twR 



X 



/o/y 



tow 



(6) 



(7] 



tDH 



es 



r 



(8) 



^ 



Notes: 1 . A write occurs during the overlap (f ht>) of a low C5 and a low WE. 

2. Tw/j is measured from the earlier of CS or WE going high to the end of write cycle. 

3. During this period, I/O pins are in the output state. The input signals out of phase must not be applied 

4. If the CS low transition occurs simultaneously with the WE low transition or after the WE low transition, 
outputs remain in a high impedance state. 

5. OE is continuously low. (01 = V JL ) 

6. Dout is in the same phase of written data oT this write cycle. 

7. Dout is the read data of next address. 

8. If CS is low during this period, I/O pins are in the output state. The input signals out of phase must not be 
applied to I/O Pins. 
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LOW V CC DATA RETENTION CHARACTERISTICS (T A = to 70°C) 
These characteristics are guaranteed only for L version. 



-HM62256LP Series, HM62256LFP Series 



Item 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Vqq for Data Retention 


Vdr 


CS Z V CC -02V 


2.0 


- 


- 


V 


Data Retention Current 


J CCDR 


V C c = 3.0V, CS^ 2.8V 


- 


- 


50 


ma 


Chip Deselect to Data Retention Time 


*CDR 


See Retention Waveform 





- 


- 


ns 


Operation Recovery Time 


tR 


tRC* 


- 


- 


ns 



* t RC = Read Cycle Time 



• Low V C q Data Retention Waveform 



I 



Vcc 



CS 



DATA RETENTION MODE 



A KV s 




(^ A G\ 




tCDR 




tR 












2.2V ? 


t— 


\ Vdr^2.QV / 


_^ 


r 2.2V 


Vdr / 




\ 


/ 


£5^Vcc-Q.2V 


\ 


n\r 





NOTE) In data retention mode, CS controls the address, WE, OE and D IN Buffers. V IN for these inputs can be in high impedance state 
in data retention mode. 
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HM62256LP Series, HM62256LFP Series- 



SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 









T A = 25°C 











































75 5.00 5 2 

Vcc (V) 
Supply Voltage V C c (V) 



SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 

'CC1- T A 









V CC - 5.0V 











































20 



60 



40 

T A (°C) 
Ambient Temperature Ta (°C) 



SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 
'cci- v cc 









T A = 25°C 











































75 5.00 5.2 

Vcc(V) 

Supply Voltage V C c (V) 



5.50 



SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 

ICC1" T A 



0.8 









V CC - 5.0V 











































20 40 60 

Ta(°C) 
Ambient Temperature T A (°C) 



SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 
•cC2- v cc 



0.6 









T A = 25°C 








^ 


















^ 

















Vcc (V) 
Supply Voltage V C c (V) 



SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 
Icc2-T"a 



£ 1.2 

E 



h- 

■z. 


10 


Ill 




CE 




£E 




3 
O 


09 


>i 




Q. 




a. 


0.8 


CO 






0.7 









V CC = 5.0V 











































20 40 60 

T A (°C) 
Ambient Temperature T A (°C) 
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-HM62256LP Series, HM62256LFP Series 



ACCESS TIME vs. 
SUPPLY VOLTAGE 
tAA-Vcc 



3 


1.0 


Hi 




5 




h- 




a 


0.9 


in 




o 




o 




< 


0.8 









T A = 25°C 











































4.50 



Vcc(V) 
Supply Voltage V C c (V) 



ACCESS TIME vs. 
AMBIENT TEMPERATURE 
t A A-T A 









V CC = 5.0V 











































20 



60 



40 

T A (°C) 
Ambient Temperature Ta (°C) 



O 



STANDBY CURRENT vs. 
SUPPLY VOLTAGE 
Ubi- v cc 









/ 








/ 








T A = 25°C 



























Vcc 
Supply Voltage V C c (V) 



STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 
Ubi-Ta 









V CC = 5.0V 



















20 



60 



40 

Ta(°C) 

Ambient Temperature Ta (°C) 



O 

>3 



STANDBY CURRENT vs. 
FREQUENCY (READ) 
•cd. l CC 2-F r «quency (Read) 



0.6 



0.2 







15( 


)ns, 120 


is, 100n 


s, 85ns 


































T A 
Vcc 


= 25°C 
= 5.0V 














y 













2 4 6 8 

f (MHz) 
Frequency f (MHz) 



STANDBY CURRENT vs. 
FREQUENCY (WRITE) 
•cd. l C c2- Fr e<1 u ency (Write) 



.8 0.6 

z 



EC 
D 
O 







15C 


)ns, 120r 


s, 100ns 


>, 85ns 


































T A = 
Vcc 


= 25°C 
= 5 0V 



























f (MHz) 
Frequency f (MHz) 
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HM62256LP Series, HM62256LFP Series- 



INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 
V,l-V C c 



1.2 









T A = 25°C 











































75 5.00 5.J 

Vcc(V) 
Supply Voltage Vcc (V) 



INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 
V, H -Vcc 



1.3 



1.2 



0.8 









T A = 25°C 











































75 5.00 

Vcc(V) 
Supply Voltage Vcc (V) 



5.25 



5.50 



ACCESS TIME vs. 
LOAD CAPACITANCE 



1.6 
1.4 
1.2 
1.0 
0.8 
n a 



















































100 



200 300 400 

Load Capacitance Cl (pF) 



500 
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HM62256LP-SL Series, preliminary 

HM62256LFP-SL Series, 
CMOS 256K Static Ram 

(Super Low Power Data Retention Version) 



32,768 x 8-bit High Speed Static CMOS RAM 

■ FEATURES 

• High Speed: Fast Access Time 100/120ns max. 

• Low Power Standay and Low Power Operation; 

Standby: 10/xW typical 

Operation: 40mW typical (f = 1MHz) 

• Single 5V Supply 

• Completely Static RAM: No Clock or Timing Strobe Required 

• Equal Access and Cycle Time 

• Common Data Input and Output: Three State Output 

• Directly TTL Compatible: All Input and Output 

• Standard 28 Pin Package Configuration 

• Capability of Battery Backup Operation 



BLOCK DIAGRAM 



A12 " 

A14 - 

AS 

AU 

A*) 

All 

A."> 



I/O0- 
1/07- 

WE- 
0E- 
CS- 



X 

Address 
Buffer 



J 



Row 
Decoder 



Memory Array 



512X512 



I/O 
Buffe 



Column I/O 



l — Column Decoder 



Y Address Buffer 



AO Al A2 A10A3A4 



ABSOLUTE MAXIMUM RATINGS 




Item 


Symbol 


Rating 


Unit 


Voltage on any pin relative to GND 


V T 


-0.5* to +7.0 


V 


Power Dissipation 


P T 


1.0 


w 


Operating Temperature 


T 

1 opr 


to +70 


°c 


Storage Temperature 


T stg 


-55 to +125 


°c 


Temperature Under Bias 


' b ias 


-10 to +85 


°c 



*Pulse Width 50ns: -3.0V 

Note) The specifications of this device are subject to change without notice. 

Please contact your nearest Hitachi's Sales Dept. regarding specfications. 



I 



■ PIN ARRANGEMENT 


Au[T 


\~s 


28] Vcc 


A„U 




]?7]WE 


A; [T 




£6]Ai3 


Ae \T 




25] A 8 


As (T 




1T|a9 


A4 [T 




23] Aii 


A3 (T 




£2}OE 


A2 |T 




jlJAio 


A. [T 




lo]cs 


Ao Qo 




IB 1 ° 7 


i OoQT 




Ti]i Oe 


i o.Q? 




T7)i 05 


i 02 [n 




T?]i 04 


gnd[h 




T5J1/03 



(Top View) 



<^ HITACHI 

Hitachi America Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 



241 



HM62256LP-SL Series, HM62256LFP-SL Series- 
■ TRUTH TABLE 



cs~ 


OE 


WE 


Mode 


V qq Current 


I/O Pin 


Reference Cycle 


H 


X 


X 


Not Selected 


1 SB > J SB 1 


HighZ 


- 


L 


L 


H 


Read 


he 


Dout 


Read Cycle No. 1-3 


L 


H 


L 


Write 


l CC 


Din 


Write Cycle No. 1 


L 


L 


L 


Write 


J CC 


Din 


Write Cycle No. 2 



X means H or L 



■ RECOMMENDED DC OPERATING CONDITIONS (T a = to +70°C) 



Item 


Symbol 


min. 


typ 


max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


GND 











V 


Input Voltage 


VlH 


2.2 


- 


6.0 


V 


VlL 


-3.0* 


- 


0.8 


V 



* Pulse Width: 50ns. DC: V lL mm = -0 5 V 



■ DC AND OPERATING CHARACTERISTICS (T A 


= to 70°C, V cc 


= 5V ± 


10%, GND = OV) 




Parameter 


Symbol 


HM62256LP/LFP 
10SL/12SL 


Unit 


Test Conditions 


Notes 




min 


typ 


max 




Input Leakage Current 


UltI 


- 


- 


2 


HA 


V IN = GND to V cc 


- 


Output Leakage Current 


HloI 


- 


- 


2 


fiA 


CS = V IH orOE = V IH , 
V I/0 = GNDtoV cc 


- 


Operating Power Supply Current: DC 


! cc 


- 


8 


15 


mA 


CS = V IL , I, /0 = 0mA 


- 


Average Operating Power 


l cc\ 




40 


70 


mA 


-10 


Minimum Cycle Duty = 
100%, I I/0 = 0mA 




Supply Current (1) 




35 


70 


-12 




Average Operating Power 
Supply Current (2) 


I CC2 


- 


8 


15 


mA 


cs = v IL , v IH = v cc , v IL = ov, 

I I/o = 0mA, f = 1MHz 


(2) 


Standby Power Supply Current: DC 


^B 


- 


0.5 


3 


mA 


CS = V IH 


- 


Standby Power Supply 
Current (1): DC 


^Bl 


- 


2 


50 


fiA 


CS>V CC -0.2V 


- 


Output Low Voltage 


Vol 


- 


- 


0.4 


V 


I 0L = 2.1mA 


- 


Output High Voltage 


VOH 


2.4 


- 


- 


V 


Iqh = -10mA 


- 



Notes) 1 . Typical values are at V cc = 
2. Reference only 



5 0V, T A = +25°C and specified loading. 



■ CAPACITANCE (r a =25°C,/=lMHz) 



Item 


Symbol 


Test Condition 


typ. 


max. 


Unit 


Input Capacitance 


C in 


V in =QV 


- 


5 


PF 


Input/Output Capacitance 


c i/o 


Vl/O = 0Y 


- 


8 


PF 



Note) This parameter is sampled and not 100% tested 

■ AC CHARACTERISTICS (F C c=5V± 10%, T a =0 to +70°C unless otherwise noted) 
• AC Test Conditions 

o Input pulse levels: 0.8V to 2.4V o Input and Output timing reference levels: 1 .5V 

o Input rise and fall times: 5ns o Output load: 1TTL Gate and C L = 100pF 

(Including scope and jig) 
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-HM62256LP-SL Series, HM62256LFP-SL Series 



• Read Cycle 



Item 


Symbol 


HM62256P-8 
HM62256LP-8 


HM62256P-10 
HM62256LP-10 


HM62256P-12 
HM62256LP-12 


HM62256P-15 
HM62256LP-15 


Unit 




min. 


max. 


min. 


max. 


min. 


max. 


min. 


max. 




Read Cycle Time 


l RC 


85 


- 


100 


- 


120 


- 


150 


- 


ns 


Address Access Time 


*AA 


- 


85 


- 


100 


- 


120 


- 


150 


ns 


Chip Select Access Time 


f ACS 


- 


85 


- 


100 


- 


120 


- 


150 


ns 


Output Enable to Output Valid 


f OE 


- 


45 


- 


50 


- 


60 


- 


70 


ns 


Output Hold from Address Change 


l OH 


5 


- 


10 


- 


10 


- 


10 


- 


ns 


Chip Selection to Output in Low Z 


t ClZ 


10 


- 


10 


- 


10 


- 


10 


- 


ns 


Output Enable to Output in Low Z 


t OlZ 


5 


- 


5 


- 


5 


- 


5 


- 


ns 


Chip Deselection to Output in High Z 


t CHl 





30 





35 





40 





50 


ns 


Output Disable to Output in High Z 


t OHZ 





30 





35 





40 





50 


ns 



• Timing Waveform of Read Cycle No. 1 tl] 



Address 



OE 



tRC 



)C 



)C 



tA A 



~\ 



cs 



Dout 



Y 



tOE 



tOLZ 



- tACS - 



-tCLZ- 



WL 



.17 



£ 



tOH 



— tOHZ- 
-tCHZ — 



Data Valid 



» 



I 



• Timing Waveform of Read Cycle No. 2 tl] [2] [4] 



Address 



Dout 



tRC 



X 



tAA 



ton 



"V 



X 



tOH 



X 



Data Valid 






• Timing Waveform of Read Cycle No. 3 m [3] [4] 



CS 



Dout 



"V 



tCLZ 



-tACS- 



/ 



EEX^ 



X 



tCHZ 



Data Valid 



> 



Notes) 1 . WE is High for Read Cycle. 

2. Device is continuously selected, CS = V IL . 

3 . Address Valid prior to or coincident with CS transition Low. 

4. OT = V IL . 
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HM62256LP-SL Series, HM62256LFP-SL Series - 



Write Cycle 



Item 


Symbol 


HM62256P-8 
HM62256LP-8 


HM62256P-10 
HM62256LP-10 


HM62256P-12 
HM62256LP-12 


HM62256P-15 
HM62256LP-15 


Unit 




min. 


max. 


min. 


max. 


min. 


max. 


min. 


max. 




Write Cycle Time 


l wc 


85 


- 


100 


- 


120 


- 


150 


- 


ns 


Chip Selection to End of Write 


f cw 


75 


- 


90 


- 


100 


- 


120 


- 


ns 


Address Valid to End of Write 


*AW 


75 


- 


90 


- 


100 


- 


120 


- 


ns 


Address Set Up Time 


*AS 





- 





- 





- 





- 


ns 


Write Pulse Width 


t WP 


65 


- 


75 


- 


90 


- 


110 


- 


ns 


Write Recovery Time 


*WR 


10 


- 





- 





- 





- 


ns 


Write to Output in High Z 


f WHZ 





30 





35 





40 





50 


ns 


Data to Write Time Overlap 


l DW 


35 


- 


40 


- 


50 


- 


60 


- 


ns 


Data Hold from Write Time 


l DH 





- 





- 





- 





- 


ns 


Output Disable to Output in High Z 


t OHl 





30 





35 





40 





50 


ns 


Output Active from End of Write 


hw 


5 


- 


5 


- 


5 


- 


5 


- 


ns 



• Timing Waveform of Write Cycle No. 1 (OE Clock) 



Address 



K 



OE Z3 

CS 
WE 



7 



twc 



X 



\~twRW~ 



tew 



-tAS- 



\. 



', 777777 



tOHZ^ 



tAW 



^^ 



Dout 



Din 



)>)))))))) [ 



:l 



twp CD 



/ 



-a 



tDH 



tDW 



EX 
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-HM62256LP-SL Series, HM62256LFP-SL Series 



• Timing Waveform of Write Cycle No. 2 1&J (OE Low Fixed) 



Address 



cs 



x 



WE 



Dout 



Din 



twc 



tew 



C4) 



£L 



tAW 



tAS 



/ivpCi] 



:i. 



y 



tWHZ 



(3) 



^)»)))))>»> l 



/dw 



(2) 



)C 



tOH 



tow 



C6) 



I 



(7) 



tDH 



IC 



(8) 



Notes: 1 . A write occurs during the overlap (t^p) of a low C^ and a low WE. 

2. r Wfl is measured from the earlier of CS or WE going high to the end of write cycle. 

3. Duringjhis period, I/O pins are in the output state. The input signals out of phase must not be applied 

4. If the CS low transition occurs simultaneously with the WE low transition or after the WE low transition, 
outputs remain in a high impedance state. 

5. OE is continuously low. (OE = V IL ) 

6. Dout is in the same phase of written data of this write cycle. 

7. Dout is the read data of next address. 

8. If CS is low during this period, I/O pins are in the output state. The input signals out of phase must not be 
applied to I/O Pins. 

• LOW V C c DATA RETENTION CHARACTERISTICS (T A = 0°C to 70°C) 



Parameter 


Symbol 


min 


typ 


max 


Unit 


Test Conditions 


V cc for Data Retention 


V D R 


2.0 


- 


- 


V 


CS > V cc -0.2V 


Data Retention Current 


'CCDR 


- 


— 


(1) 10 


M 


V cc = 3.0V, CS > 2.8V 


Chip Deselect to Data 
Retention Time 


l CDR 





- 


- 


ns 


See Retention Waveform 


Operation Recovery Time 


tR 


(2) »RC 


- 


- 


ns 





Low Vqo Data Retention Waveform 
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HM6S202 Series 



NEW DESIGNS SHOULD USE 
HM62256,32Kx8SRAM 



32768-word X 8-bit High Density Static RAM Module 

■ FEATURES 

• Industry Standard 30 pin DIP Mechanical Outline. 

• Single +5V Supply. 

• High speed: Fast Access Time 120ns/150ns/200ns max. 

• Equal Access and Cycle Time. 

• Completely Static RAM: No Clock or Timing 
Strobe Required. 

• CSn,CSi2, CSi3,CSi4 for Chip Decode. 

• Low Power Standby and Low Power Operation; 
Standby: 0.4mW typ. Operation: 200mW typ. 

• Common Data Input and Output, Three State 
Output. 

• Directly TTL Compatible: All Input and Output. 

■ BLOCK DIAGRAM 



Ao-Au @— 

csTx @— 

CSti @— 
CSu ®— 

csT< ©- 



1/01-1/08 1 

CSj I 



WE ®- 




■ PIN ARRANGEMENT 



csn|T 
cslijj 

AujT 
Ay [7 
Ae|T 
As [7 

A.E 

A 3 (T 
AzjT 

At [To 

AoQT 

l/0l[j2 

l/()2 [H 

i/oi [77 

0NI){j5 



H]Vcc 
28] WE 
27] C& 
26) A* 
25j As 
24J An 
23] 0E 
22] A10 

20] I/0« 
19] I/O? 

Tb] 1/06 
Fji/os 

T6JI/04 



(Top View) 



TRUTH TABLE 



Mode 


WE 


CS2 


OE 


I/O 


Current 


Ref. Cycle 


Not Selected (Power Down) 


X 


L 


X 


High-Z 


! SB, hB2 




Output Disabled 


H 


H 


H 


High-Z 


tcc> l CCl 




Read 


H 


H 


L 


Dout 


J CC> J CC1 




Write 


L 


H 


H 


Din 


J cc> lea 


Write Cycle (1) 


L 


H 


L 


Din 


^CC I CC1 


Write Cycle (2) 



Notes) 1 . X: H o£JL 

2. CS, j , CSj 2 , CS : 3 and CS, 4 are chip decode use only. When one chip is selected, others are not selected. 
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- HM66202 Series 



■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to GND 


Vin 


-0.5* to 7 


V 


Operating Temperature 


*opr 


to +70 


°c 


Storage Temperature 


T stg 


-55 to +125 


°c 


Temperature under Bias 


'bias 


-10 to +85 


°c 


Power Dissipation 


P T 


1.0 


w 



-3.0V (pulse width 50ns) 



I 



■ RECOMMENDED DC OPERATING CONDITIONS (7^=0° C to +70°C) 



Parameter 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 




GND 











V 


Input High (logic 1) Voltage 


Vih 


2.2 


- 


6.0 


V 


Input Low (logic 0) Voltage 


VlL 


-0.3* 


- 


0.8 


V 



-3.0V (Pulse width 50ns) 



DC AND OPERATING CHARACTERISTICS (7^=0 C to +70°C, K C c=5V± 10%, GND=0V) 



Parameter 


Symbol 


Test Conditions 


min 


typ* 


max 


Unit 


Input Leakage Current 


*Ll 


K in =GND to V cc 


- 


- 


10 


mA 


Output Leakage Current 


Ilo 


CS2=K /L or OE=K /H or WE=K /L> 
K //0 =GND to V cc 


- 


- 


10 


ma 


Operating Power Supply Current: DC 


*cc 


CS2=K /H ,/ //o =0mA 


- 


40 


90 


mA 


Average Operating Current 


J CC1 


Min. cycle, duty = 100%, / //o =0mA 


- 


60 


120 


mA 


Standby Power Supply Current (1) 


ISB 


CS2=^ /L 


- 


4 


12 


mA 


Standby Power Supply Cuarrent(3):DC 


! SB2 


CS2 ^ 0.2V, V IL min=-0.3V 


- 


0.08 


8 


mA 


Output Low Voltage 


Vol 


7 OL =2.1mA 


- 


- 


0.4 


V 


Output High Voltage 


Voh 


/oh~ -1.0mA 


2.4 


- 


- 


V 



*: Typical limits are at V cc =5.0\, r a =+25°C and specified loading 
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HM66202 Series - 



■ CAPACITANCE (7i=25°C,/=1.0MHz) [1] 



Parameter 


Symbol 


typ. 


max. 


Unit 


Test Conditons 


Input Capacitance 


C in 


- 


40 


pF 


r, n =ov 


Input/Output Capacitance 


c i/o 


- 


40 


pF 


V I/o =0V 



Note) This parameter is sampled and not 100% tested. 



AC CHARACTERISTICS (7^=0 C to +70 C, F C c=5.0V± 10% unless otherwise noted) 

AC Test Conditions 

Input pulse levels 0.8V to 2.4V 

Input rise and fail times 10ns 

Input and Output timing reference level 1.5V 

Output load ITTL Gate and C L =100pF 

(Including scope & Jig) 



• READ CYCLE 



Parameter 


Symbol 


HM66202-12 


HM66202-15 


HM66202-20 


Unit 


min 


max 


min 


max 


min 


max 


Read Cycle Time 


tRC 


120 


- 


150 


- 


200 


- 


ns 


Address Access, Time 


tAA 


- 


120 


- 


150 


- 


200 


ns 


Chip Selection (CS2) to Output 


tco 


- 


120 


- 


150 


- 


200 


ns 


Output Enable (OE) to Output Valid 


WE 


- 


60 


- 


70 


- 


100 


ns 


Chip Selection (CS2) to Output in Low Z 


tLZ 


10 


- 


15 


- 


15 


- 


ns 


Output Enable (OE) to Output in Low Z 


tOLZ 


5 ^ 


- 


5 


- 


5 


- 


ns 


Chip Deselection (CS2) to Output in High Z 


tHZ* 





40 





50 





60 


ns 


Output Disable (OE) to Output in High Z 


*OHZ* 





40 





50 





60 


ns 


Output Hold from Address Change 


*OH 


10 


- 


15 


- 


15 


- 


ns 



Note) 



tHZ and tOHZ define the time at which the output achieves the open circuit condition and are not referenced to 
output voltage levels. 
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HM66202 Series 



e Timing Waveform of Read Cycle 1 



,(« 



Addres s 

CSlN 

[2] 



CS2 



OE 



Dout 



X 



w 



V 



V 



i. 



wa 



x 



..n 



s 



I 



71MSM 



tow 



XX)- 



Notes) 1. WE is High for Read Cycle. 

2. CS n , CS 12 , CSj 3 and CS 14 are used only for chip decoding. When one chip is selected, others are not selected. 
When one CSin pin is in V JL level, other CSin pins must not be in Vf L level. N=l, 2, 3, 4. 



e WRITE CYCLE 







Symbol 


HM66202-12 


HM66202-15 


HM66202-20 


Unit 




min 


max 


min 


max 


min 


max 


Write Cycle Time 


*WC 


120 


- 


150 


- 


200 


- 


ns 


Chip Selection to End of Write 


tew 


85 


- 


100 


- 


120 


- 


ns 


Address Set Up Time 


tAS 





- 





- 





- 


ns 


Address Valid to End of Write 


tAW 


85 


- 


100 


- 


120 


- 


ns 


Write Pulse Width 


tWP 


70 


- 


90 


- 


100 


- 


ns 


Write Recovery Time 


WE 


tWRl 


10 


- 


10 


- 


10 


- 


ns 


CS 2 


tWR2 


15 


- 


15 


- 


15 


- 


ns 


Write to Output in High Z 


tWHZ 





40 





50 





60 


ns 


Data to Write Time Overlap 


tDW 


50 


- 


60 


- 


70 


- 


ns 


Data Hold from Write Time 


tDH 





- 





- 





- 


ns 


Output Disable (OE) to Output in High Z 


tOHZ 





40 





50 





60 


ns 


Output Active from End of Write 


tow 


5 


- 


10 


- 


10 


- 


ns 
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HM66202 Series - 



Timing Waveform of Write Cycle (1) (OE Clock) 



Addres s 
CSl\ 

[10] 



X 



OE 



W7m ?7m 



x 



[4] 



7777777777 7777777^ 



(AS [3] 



w^ \\\\\\w 



twp [l] 



z[5] 



^ 



5( 



<^ 



\ \\\\\W 



x 



^m ///////////////, 



A. 



XX 



• Timing Waveform of Write Cycle (2) (OE Low Fixed) 



Addres s 

CSlN 

[10] 



)C 



X 



wm!MF 



~tcw [2]~ 



Wx xWWWWW^ 



Us [3] 



3» 



twpjl] 



[5] 

tWHZ 



)))))))))))))))ft 



■<xx 



7 



[4] 



S 



[4] 



" [7] [8] 



far 



Notes): 1. A write occurs during the overlap of a high CS 2 and a low WE. A write begins at the later transition of CS 2 
going high or WE going low. A write ends at the earlier transition of CS 2 going low or WE going high, t WP is 
measured from the beginning of write to the end of write. 
t C w is measured from CS 2 going high to the end of write. 
f AS i s measured from the address valid to the beginning of write. 
t WR is measured from the end of write to the address change. 

During this period, I/O pins are in the output state, therefore the input signals of opposite phase to the outputs 
must not be applied. 

If CS 2 goes high simultaneously with WE going low or after WE going low, the outputs remain in high im- 
pedance state. 

Dout is the same phase of the latest written data in this write cycle. 
Dout is the read data of next address. 

If CS 2 is high during this period, I/O pins are in the output state. Therefore, the input signals of opposite phase 
to the outputs must not be applied to them. 

CS U , CS 12J _CS 13 and CS, 4 are used only for ch ip decoding. When one chip is selected, others are not selected. 
When one CS in pin is in V IL level, other CS in pins must not be in V IL level. N= 1, 2, 3, 4. 



2. 
3. 
4. 
5. 

6. 

7. 
8. 
9. 

10. 
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HM66202 Series 



■ PACKAGE OUTLINE (Dimensions in mm) 



BBBBBBBBBBBBBB, HHHHBHHHHHBBHH, 



BBBBBBBBBBBBBB HHHHHHHHHBHHHB 



( — -*j[- 
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HM66202L Series 



NEW DESIGNS SHOULD USE 
HM62256, 32Kx8SRAM 



32768-word X 8-bit High Density Static RAM Module 

■ FEATURES 

• Industry Standard 30 pin DIP Mechanical Outline. 

• Single +5V Supply. 

• High speed: Fast Access Time 120ns/150ns/200ns max. 

• Equal Access and Cycle Time. 

• Completely Static RAM: No Clock or Timing 
Strobe Required. 

• CSn,CS 12 ,CSi3,CSi4 for Chip Decode. 

• Low Power Standby and Low Power Operation; 
Standby: 40juWtyp. Operation: 200mWtyp. 

• Common Data Input and Output, Three State 
Output. 

• Directly TTL Compatible: All Input and Output. 

■ BLOCK DIAGRAM 



A0-A12 @— — — — 
































CS.3 @- 






















































WE @- 


















@ 














































— O 






RAM 

Nol 






RAM 

N<>2 
















































































































RAM 

No.3 




1 — 


RAM 

No.4 












































































■ PIN ARRANGEMENT 



cs^[T 




wjcsTz 


cs^[7 




|>]lcc 


A. 2 (T 




2k]W 


A.E 




2) c* 


As [7 




2b] As 


As (7 




2S] As 


A. [7 




g».. 


A 3 |T 




3] or 


Ai[? 




3] A,. 


A1Q0 




TTj csn 


A.QT 




20) I/O* 


1/0. [2 




17| i/o? 


i'<>i[jl 




T«] I/O* 


1/01 QT 




][7]l/0s 


lAnQs 




To] 1/O4 




(Top View 





■ TRUTH TABLE 



Mode 


WE 


CS2 


OE 


I/O 


Current 


Ref . Cycle 


Not Selected (Power Down) 


X 


L 


X 


High-Z 


I SB, ISB2 




Output Disabled 


H 


H 


H 


High-Z 


lcc> l CCl 




Read 


H 


H 


L 


Dout 


J cc> feci 




Write 


L 


H 


H 


Din 


Ice feci 


Write Cycled) 




L 


H 


L 


Din 


lec* lea 


Write Cycle (2) 



Notes) l.X^HorL 

2. CSi 1 , CS, 2 , CSj 3 and CS, 4 are chip decode use only. When one chip is selected, others are not selected. 
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-HM66202L Series 



ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to GND 


V in 


-0.5* to 7 


V 


Operating Temperature 


T 

1 opr 


to +70 


°c 


Storage Temperature 


T stg 


-55 to +125 


°c 


Temperature under Bias 


*bias 


-10 to +85 


°c 


Power Dissipation 


P T 


1.0 


w 



-3.0V ( Pulse Width 50ns ) 



RECOMMENDED DC OPERATING CONDITIONS (r fl =0°C to +70°C) 



Parameter 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 




GND 











V 


Input High (logic 1 ) Voltage 


Vih 


2.2 


- 


6.0 


V 


Input Low (logic 0) Voltage 


ViL 


-0.3* 


- 


0.8 


V 



-3.0V (Pulse width 50ns) 



■ DC AND OPERATING CHARACTERISTICS (T a =0 C to +70°C, F CC =5V± 10%, GND=0V) 



Parameter 


Symbol 


Test Conditions 


min 


typ* 


max 


Unit 


Input Leakage Current 


Ihl 


K ln =GND to V CC 


- 


- 


2 


MA 


Output Leakage Current 


*LO 


CS2=K /L or OE=^ /H or WE=K /L) K //0 =GND 
to V cc 


- 


- 


2 


M A 


Operating Power Supply Current : DC 


ice 


CS2=K 7H ,/j /o = 0mA 


- 


40 


90 


mA 


Average Operating Current 


lea 


Min. cycle, duty -1 00%, // /0 = 0mA 


- 


60 


120 


mA 


Standby Power Supply Current (1) 


J SB 


CS2=^ /L 


- 


4 


12 


mA 


Standby Power Supply Cuarrent(3): DC 


J SB2 


CS2^0.2V, K /L min=-0.3V 


- 


8 


400 


M A 


Output Low Voltage 


Vol 


7 OL =2.1mA 


- 


- 


0.4 


V 


Output High Voltage 


VOH 


7oH =_10mA 


2.4 


- 


- 


V 



*: Typical limits are at K CC =5.0V, r a =+25 C and specified loading 
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HM66202L Series 



CAPACITANCE (r,=25°C,/=1.0MHz) [1] 



Parameter 


Symbol 


typ. 


max. 


Unit 


Test Conditons 


Input Capacitance 


Cin 


- 


40 


pF 


Kln-OV 


Input/Output Capacitance 


c i/o 


- 


40 


pF 


K J/o =0V 



Note) This parameter is sampled and not 100% tested. 



■ AC CHARACTERISTICS (T a =0°C to +70°C, K C c=5.0V± 10% unless otherwise noted) 

• AC Test Conditions 

Input pulse levels 0.8V to 2.4V 

Input rise and fall times 10ns 

Input and Output timing reference level 1.5V 

Output load ITTL Gate and C^=100pF 

(Including scope & Jig). 



• READ CYCLE 



Parameter 


Symbol 


HM66202L-12 


HM66202L-15 


HM66202L-20 


Unit 


min 


max 


min 


max 


min 


max 


Read Cycle Time 


tRC 


120 


- 


150 


- 


200 


- 


ns 


Address Access Time 


tAA 


- 


120 


- 


150 


- 


200 


ns 


Chip Selection (CS2) to Output 


(CO 


- 


120 


- 


150 


- 


200 


ns 


Output Enable (OE) to Output Valid 


(OE 


- 


60 


- 


70 


- 


100 


ns 


Chip Selection (CS2) to Output in Low Z 


tLZ 


10 


- 


15 


- 


15 


- 


ns 


Output Enable (OE) to Output in Low Z 


*OLZ 


5 


- 


5 


- 


5 


- 


ns 


Chip Deselection (CS2) to Output in High Z 


*HZ* 





40 





50 





60 


ns 


Output Disable (OE) to Output in High Z 


tOHZ* 





40 





50 





60 


ns 


Output Hold from Address Change 


tOH 


10 


- 


15 


- 


15 


- 


ns 



Note) * : tffz and tOHZ define the time at which the output achieves the open circuit condition and are not referenced to 
output voltage levels. 



254 



HITACHI 

Hitachi America Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 



HM66202L Series 



Timing Waveform of Read Cycle (1) 





tRC 






Address \ / 


X 


[z] 


tAA 












Q ///////// 


Wi" — *• 




\ 


mwww 




tOE 






tHZ 






tOLZ 










55 x\\\\\\\\\\\\\\\\\\W 


'/////////////, 




® 






lOHZ 




Dout 












/ 


>C0 

m t0H m 










\ Data Valid 





I 



Notes) 1. WE is High for Read Cycle. 

2. CS U , CS, 2 , CS 13 and CS 14 are used only for chip decoding. When one chip is selected, others are not selected. 
When one CSi\ pin is in V JL level, other CSin pins must not be in Vi L level. N= 1, 2, 3, 4. 



• WRITE CYCLE 







Symbol 


HM66202L-12 


HM66202L-15 


HM66202L-20 


Unit 




min 


max 


min 


max 


mm 


max 


Write Cycle Time 


*WC 


120 


- 


150 


- 


200 


- 


ns 


Chip Selection to End of Write 


tew 


85 


- 


100 


- 


120 


- 


ns 


Address Set Up Time 


tAS 





- 





- 





- 


ns 


Address Valid to End of Write 


tAW 


85 


- 


100 


- 


120 


- 


ns 


Write Pulse Width 


tWP 


70 


- 


90 


- 


100 


- 


ns 


Write Recovery Time 


WE 


tWRl 


10 


- 


10 


- 


10 


- 


ns 


CS 2 


tWR2 


15 


- 


15 


- 


15 


- 


ns 


Write to Output in High Z 


tWHZ 





40 





50 





60 


ns 


Data to Write Time Overlap 


*DW 


50 


- 


60 


- 


70 


- 


ns 


Data Hold from Write Time 


tDH 





- 





- 





- 


ns 


Output Disable (OE) to Output in High Z 


tOHZ 





40 





50 





60 


ns 


Output Active from End of Write 


tow 


5 


- 


10 


- 


10 


- 


ns 
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HM66202L Series - 



• Timing Waveform of Write Cycle (1) (OE Ciock) 



Addres s 
CSix 

[10] 



>c 



wmw rm 



X 



[4] 



777777777 777777777^ 



.[3] 



W WWWW 



twp[\] 



to HZ [5] 



))))))! 



<J 



WWWW 



X 



mm ///////////////, 



A- 



XK 



Timing Waveform of Write Cycle (2) (OE Low Fixed) 



Addres s 
CSi\ 

[10] 



)C 



X 






[6] 



w \\\\\\\m 



tA,U] 



mk 



twp[l] 



[5] 

tWHZ 



)))))))))))))))& 



■<EX 



/ 



[4] 



[4] 



" [7] [8] 



™r 



Notes): 1. A write occurs during the overlap of a high CS 2 and a low WE A write begins at the later transition of CS : 
going high or WE going low A write ends at the earlier transition ot CS 2 going low or Wt going high t WP is 
measured from the beginning of write to the end of write 

2. tew 1S measured from CS 2 going high to the end of write. 

3. t^s * s measured from the address valid to the beginning of write 

4. twR is measured from the end of write to the address change 

5. During this period, I/O pins are in the output state, therefore the input signals of opposite phase to the outputs 
must not be applied. 

6. If CS 2 goes high simultaneously with WE going low or after WE going low, the outputs remain in high im- 
pedance state. 

7. Dout is the same phase of the latest written data in this write cycle. 

8. Dout is the read data of next address. 

9. If CS 2 is high during this period, I/O pins are in the output state. Therefore, the input signals of opposite phase 
to the outputs must not be applied to them. 

10. CS n , CS 1 2 , CS 13 and CS 14 are used only for chip decoding. When one chip is selected, others are not selected. 
When one CS in pin is in V IL level, other CS in pins must not be in V ^ level. N = l, 2, 3, 4. 
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LOW V CC DATA RETENTION CHARACTERISTICS (r o =0to+70 C) 



-HM66202L Series 



Parameter 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


V cc for Data Retention 


V D R 


CS2^0.2V 


2.0 


- 


- 


V 


Data Retention Current 


J CCDR 


F CC =3.0V, CS2^0.2V, V IL min = 


-0.3V 


- 


4 


200* 


ma 


Chip Deselect to Data Retention Time 


f CDR 


See Retention Waveform 





- 


- 


ns 


Operation Recovery Time 


tR 


** 

*RC 


- 


- 


ns 



* 80jiA max. under the condition of T a =0 to +40°C 
** f/jc =Read Cy cle Time 



Low \/cc Data Retention Waveform 




Data Retention Mode 




PACKAGE OUTLINE (Dimensions in mm) 
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HM66203 
HM66203L Series 

HI-CMOS 1M STATIC RAM 128K x 8 BIT HIGH DENSITY 
131072 x 8 BIT HIGH DENSITY STATIC RAM MODULE 

■ FEATURES 

• High Density Industry Standard 32 Pin DIP Mounting 
4pcs of 256k Static RAM (SOP). 

• Single + 5V Supply. 

• High speed: Fast Access Time 100ns/120ns/150ns max. 

• Equal Access and Cycle Time. 

• Completely Static RAM : No Clock or Timing Strobe Required. 

• Low Power Standby and Low Power Operation; 

Standby : 40>W typ. (L Type) 
Operation : 50mW type, (f « 1MHz) 

• Common Data Input and Output, Three State Outputs. 

• Directly TTL Compatible: All Inputs and Outputs. 

R FUNCTIONAL BLOCK DIAGRAM 

Ao- 



l/Oi 



-A 14 


® 


CS! 


® 


CS ? 


© 


CS 3 


® 


cs 4 


® 


l/0 8 


© 


WE 


® 


OE 


® 



RAM 
NO. 1 



RAM 
NO. 3 



-® V cc 
-® GND 



RAM 
NO. 2 



RAM 
NO. 4 



TRUTH TABLE 




PIN ARRANGEMENT 

Top View 




Mode 


CS, 


WE 


OE 


I/O 


Current 


Note 


Not Selected (Power Down) 


*H 


X 


X 


High-Z 


1.SB. *sm 




Read 


**L 


H 


L 


D ou t 


'cc 


Read Cycle (I) ~ (3) 


Write 


**L 


L 


H 


D,n 


*cc 


Write Cycle (1) 


**L 


L 


L 


D,„ 


I cc 


Write Cycle (2) 



X : Don't Care (H or L); i = 1,2, 3, 4 
* All chips arc not selected. 
** CS,, CS 2 , CSj and CS 4 pins arc used for chip decoding. Only one chip should be selected. Two or more chips must not be selected at one lime. 
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-HM66203-10/-12/-15,HM66203L-10M2M5 



ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on Any Pin Relative to GND 


V T 


-0.5" to + 7 


V 


Operating Temperature 


T 


Oto +70 


°C 


Storage Tcmpciature 


T\, f 


-55 to + 125 


°C 


Temperature Under Bias 


Tbws 


-lOto +85 


°C 


Power Dissipation 


Pr 


l.O 


W 



•^.OV (pulse width 50ns) 

■ RECOMMENDED DC OPERATING CONDITIONS (T a = to +70°C) 



I 



Parameter 


Symbol 


min 


type 


max 


Unit 


Notes 


Supply Voltage 


V(C 


4.5 


5.0 


5.5 


V 




GND 











V 




Input High (logie I) Voltage 


V, H 


2.2 


- 


6.0 


V 




Input Low (logic 0) Voltage 


V, L 


-3.0* 


- 


0.8 


V 


* Pulse width: 50ns 
DC: V„ min = -0.5V 



DC AND OPERATING CHARACTERISTICS (T a = 0°C to +70°C) V cc = 5V± 10%, GND = 0V) 



Parameter 


Symbol 


HM66203/L 
-10/- 12/- 15 


Unit 


Test Conditions 


Notes 




min 


typd) 


max 




Input Leakage Current 


Hul 


- 


- 


2 


MA 


V, N = GND to V cc 




Output Leakage Current 


I'loI 


- 


- 


2 


ma 


CSn = V,„ or OE = V 1H , V I/Q = GND to V cc 


(2) 


Operating Power 
Supply Current: DC 


*cc 


- 


10 


25 


mA 


CSN = V IL I, /0 = mA 


(3) 




Icci 


- 


42 


80 


mA 


min. cycle duty = 100%, I| /0 = mA 


-10 


Average Operating Power 
Supply Current (1) 


- 


37 


80 


-12 


- 


35 


80 


-15 


Average Operating Power 
Supply Current (2) 


*CC2 


- 


10 


15 


mA 


CSN = V IL , V IH = V cc , V IL = 0V, 
I, /0 = 0mA, f = 1MHz 


(3) 


Standby Power Supply Current: DC 


IsB 


- 


2 


12 


mA 


CSn" = V, H 


(2) 


Standby Power Supply 


'SBI 


- 


8 


400 


M A 


CSn < V cc - 0.2V 


HM66203L 


Current (1): DC 


- 


0.16 


8 


mA 


HM66203 


Output Low Voltage 


Vol 


- 


- 


0.4 


V 


I 0L = 2.1 mA 




Output High Voltage 


V()H 


2.4 


- 


- 


V 


Iqh = 1.0 mA 





NOTES: 

1. Typical values are at V cc = 5.0V, T, = +25°C and specified loading. 

2. CSn, All chips arc not selected. 

3. CSN pins arc used for chip decoding. Only one chip should be selected. Two or more chips must not be selected at one time. 

■ CAPACITANCE (T, = 25°C, f = 1.0 MHz) (1) 



Parameter 


Symbol 


mm 


typ 


max 


Unit 


Conditions 


Notes 


Input Capacitance 


Qn 


- 


- 


45 


pF 


v, N = ov 




Input/Output Capacitance 


Q/o 


- 


- 


50 


pF 


V,/o = 0V 





NOTE. 

1 This paiametcr is sampled and not 100% tested. 
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HM66203-10/-12/-15, HM66203L-10/-12M5 - 



■ AC CHARACTERISTICS (T a = 0°C to +70°C, V cc = 5.0V ± 10% unless otherwise noted) 

• AC TEST CONDITIONS 

• Input pulse levels: 0.8V to 2.4V 

• Input nse and fall times: 5ns 

• Input and Output timing reference level: 1.5V 

• Output load: 1 TTL Gate and CL = 100pF (Including scope & jig) 

■ READ CYCLE 



Parameter 


Symbol 


HM66203L/-I0 


HM66203L/-I2 


HM66203 L/-15 


Unit 


min 


max 


min 


max 


min 


max 


Read Cycle Time 


l RC 


100 


- 


120 


- 


150 


— 


ns 


Address Access Time 


l AA 


- 


100 


- 


120 


- 


150 


ns 


Chip Select Access Time 


Ucs 


- 


100 


- 


120 


- 


150 


ns 


Output Enable to Output Valid 


l OR 


- 


50 


- 


60 


- 


70 


ns 


Output Hold from Address Change 


l OH 


10 


- 


10 


- 


10 


- 


ns 


Chip Selection to Output in Low Z 


l CLZ 


10 


- 


10 


- 


10 


- 


ns 


Output Enable to Output in Low Z 


l OLZ 


5 


- 


5 


- 


5 


- 


ns* 


Chip Deselection to Output in High Z 


l CHZ 





- 





40 





50 


ns 


Output Disable to Output in High Z 


l OHZ 





- 





40 





50 


ns 



► Timing Waveform of Read Cycle No. 1 (2) 



Address 



« vwwwww 



-tRC~ 



-tAA- 



-tOE- 



-tOLZ- 



CSN(1) 



Dout 



xxxxi 



-tACS- 



-tCLZ- 



®( 



JC 



■ minium 



-tOH" 



^ 777777777777 



-tOHZ- 



-tCHZ- 



Data Valid 



]^ 



» Timing Waveform of Read Cycle No. 2 (1) (2) (3) (5) 



Address 



Dout 



-tRC- 



-toH- 



-tAA~ 



aXXXXXXX)i 



« tOH ► 



Data Valid 



JC 
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• Timing Waveform of Read Cycle No. 3 (2) (4) (5) 
CSN(1) 



-tCLZ- 



-tACS- 



Dout 



\XXXXXX)C 



/ 



-tCHZ- 



Data Valid 



NOTES: 

1 . CSl, CS2, CS3 and CS4 pins arc used for chip decoding. 
Only one chip should be selected. 

Two or more chips must not be selected at one time. 

2. WE is high for read cycle. 

■ AC CHARACTERISTICS (Cont'd.) 
• WRITE CYCLE 



3. Device is continuously selected, CSN = V, L . 

4. Address should be valid prior to or coincident with CSN transition low. 

5. OE = V„ . 



I 



Parameter 


Symbol 


HM66203L/-10 


HM66203 I/-12 


HM66203 L/-15 


Unit 


min 


max 


min 


max 


min 


max 


Write Cycle Time 


twe 


100 


- 


120 


- 


150 


- 


ns 


Chip Selection to End of Write 


*cw 


90 


- 


100 


- 


120 


- 


ns 


Address Valid to End of Write 


1 aw 


90 


- 


100 


- 


120 


- 


ns 


Address Set Up Time 


Us 





- 





- 





- 


ns 


Write Pulse Width 


l WP 


75 


- 


90 


- 


110 


- 


ns 


Write Recovery Time 


l WR 


10 


— 





- 





- 


ns 


Write to Output in High Z 


*WHZ 





35 





40 





50 


ns 


Data to Write Time Overlap 


tDW 


40 


- 


50 


- 


60 


- 


ns 


Data Hold from Write Time 


tOH 





- 





- 





- 


ns 


Output Disable to Output in High Z 


l OHZ 





35 





40 





50 


ns 


Output Active from End of Write 


l OW 


5 


- 


5 


- 


5 


- 


ns 



» Timing Waveform of Write Cycle (1) (OE Clock) 



Address 



3C 



* 777777 



»<•> sxxxsxxxxxa 



WE 



-twe- 



wwvww 



-tew- 



iuiiiim 



-tAS~ 



-tAW~ 



^3XX& 



-t Hz(4)- 



- )))))))))))))m 



i 



-t WP (2)- 



Din 



■€[ 



)C 



-t WR (3) 



« tDW H« tDH ► 
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HM66203-10/-12/-15, HM66203L-10/-12/-15- 



► Timing Waveform of Write Cycle (2) (6) (OE Low Fixed) 



Address 



WE 



Dm 



x 



»» sxssxxxx 



-twc- 



"Y 



-tcw- 



V 



-tAS~ 



sx\ 



-tAW(5)~ 



-tWP(2)~ 



-tWHZ(4)~ 



- ))))))))))))))w m 



x 



rm iiiiinii 



-tDW" 



-tWR(3)~ 



f 



-tOH- 



« tow ► 



(7) 



(8) 



-tDH(9)~ 



mm 



(9) 



) )))))))) 



NOTES: 

1 . CS|, CS 2 , CS 3 and CS 4 pins arc used for chip decoding. Only one chip should be selected. Two or more chips must not be selected at one time. 

2. A write occurs during the ovcilap (t w ,») of a low CSN and a low WE. 

3. t WR is measured horn the earlier of CSN or WE going high to the end or write cycle. 

4. During this period, I/O pins arc in the output state. The input signals out of phase must not be applied. 

5. If the CSN low transition occurs simultaneously with the WE low transition or after the WE low transition, output remain in a high impedance Mate. 

6. OE is continuously low. (OE = V (L ) 

7 D oul should be held in phase of the written data during this write cycle. 

8. Dout is the read data of next address. 

9. II CSN is low during this period, I/O pins arc in the output state. The input signals which arc opposite to the output level should not be applied to I/O pins. 



LOW V CC DATA RETENTION CHARACTERISTICS (T a = 0°C to +70°C) 



Parameter 


Symbol 


m in 


type 


max 


Unit 


Test Conditions 


V cc lor Data Retention 


Vf)R 


2.0 


- 


- 


V 


CSn > V cc -0.2V 


Data Retention Current 


'cCDR 


- 


- 


200 


AiA 


V cc = 3.0V CSn > 2.8V (2) 


Chip Deselect to Data Retention Time 


l CDR 





- 


- 


ns 


Sec Retention Waveform 


Operation Recovery Time 


tR 


• (OtRC 


- 


- 


ns 



NOTES: 

I t RC = Read Cycle Time. 

2. CSn: All chips arc not selected. 

• Low V cc Data Retention Waveform 



Vcc 



Data Retention Mode 



CSN 




VDR > 2.0V 



CSn £ Vcc-0.2V 




0V- 



-0V 
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OUTLINE 



42.00 (43.18 max.) 






Unit : mm 
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HM66204 
HM66204L 



HI-CMOS 1M STATIC RAM 128Kx8 BIT HIGH DENSITY 
128K x 8 BIT HIGH DENSITY STATIC RAM MODULE 

■ DESCRIPTION 

The HM66204 is a high density 1 M-bit static RAM module 
consisting of 4 pieces of HM62256FP/LFP products (SOP type 
256K static RAM) and a HD74HC138FP equivalent product (SOP 
type CMOS decoder logic). 

The outline of the HM66204 is the standard 600 mil width 32 
Pin dual-in-line package. Its pin arrangement is completely 
compatible with the 1 M-bit monolithic static RAM. 

The HM66204 offers the features of low power and high speed 
by using high speed CMOS devices. And, the HM66204 makes 
high density mounting possible with no surface mount 
technology. 

These features make the HM66204 ideally suited for high 
density compacted memory systems. 

■ FEATURES 

• High Density 32 Pin DIP Mounting 4 pes. of 256K Static RAM 
(SOP) 

• Single + 5V Supply. 

• High speed: Fast Access Time 120ns/150ns max. 

• Equal Access and Cycle Time. 

• Completely Static RAM : No Clock or Timing Strobe Required. 

• Low Power Standby and Low Power Operation; 

Standby : 40/*W typ. (L Type) 
Operation : 50mW type, (f = 1MHz) 

• Common Data Input and Output, three state outputs. 

• Directly TTL Compatible: All Inputs and Outputs. 

• Pin compatible with 1M monolithic static RAM 

• Capable of battery backup operation (L series) 



■ FUNCTIONAL BLOCK DIAGRAM 



^0 


PIN ARRANGEMENT 






Top View 




NC \Z 


1 


32 


3 v cc 


AieE 


2 


31 


3 A15 


A14 C 


3 


30 


3 nc 


A12C 


4 


29 


3 WE 


A7C 


5 


28 


3 A 13 


A 6 C 


6 


27 


HA8 


AsC 


7 


26 


HA9 


A 4 \Z 


8 


25 


3 An 


a 3 c 


9 


24 


USE 


A2C 


10 


23 


3 A10 


Aid 


11 


22 


3 cs 


Aod 


12 


21 


3 "Os 


1/01 □ 


13 


20 


II1/07 


i/o 2 [^ 


14 


19 


Zl i/o 6 


I/O3C 


15 


18 


3 1/05 


VssC 


16 


17 


II 1/04 











TYPE OF PRODUCTS 



A0-A14 ©- 

A15 ®- 

A16 ® — 

CS ® — 



Decoder 



1/01-1/08 ©- 
WE ®- 
OE ©- 



RAM 
NO. 1 



RAM 
NO. 3 



-®V CC 
-® GND 



RAM 
NO. 2 



RAM 
NO. 4 



Part No. 


Access 


Package 


HM66204-12 
HM66204-15 


120 ns 
150 ns 


600 mil 


HM66204L-12 
HM66204L-15 


120 ns 
150 ns 


32 Pin DIP 
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-HM66204-12/-15, HM66204L-12/-15 



TRUTH TABLE 



Mode 


CS 


WE 


OE 


I/O 


Current 


Note 


Not Selected (Power Down) 


H 


X 


X 


High-Z 


IsB' I SB I 




Read 


L 


H 


L 


Dou« 


I cc 


Read Cycle ( I )-(3) 


Write 


L 


L 


H 


Din 


l cc 


Write Cycle (I) 


L 


L 


L 


D,„ 


Ice 


Write Cycle (2) 



Note: X = Don't Care (H or L) 



ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Ratings 


Unit 


Voltage on Any Pin Relative to V ss 


V T 


-0.5 to +7.0 


V 


Operating Temperature Range 


V 


Oto +70 


°C 


Storage Temperature Range 


Ts* 


-55 to + 125 


°C 


Storage Temperature Range Under Bias 


T hl ,s 


-lOto +85 


°C 


Power Dissipation 


P T 


I.O 


W 



I 



I ELECTRICAL CHARACTERISTICS 

RECOMMENDED DC OPERATING CONDITIONS (T a = to +70°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Notes 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 




Vss 











V 




Input High (logic I) Voltage 


V|H 


3.85 


- 


6.0 


V 


A is. A, 6 , CS 


2.2 


- 


6.0 


V 


Others except A|s, A| ft , CS 


Input Low (logic 0) Voltage 


V|L 


-0.5 


- 


0.8 


V 





■ DC AND OPERATING CHARACTERISTICS (T a = 


to +70°C), 


V cc = 5V±10%, V ss = 0V) 




Parameter 


Symbol 


Min 


Typ* 


Max 


Unit 


Test Conditions 


Notes 


Input Leakage Current 


Hul 


- 


- 


2 


jiA 


V, N = Vss to V cc 




Output Leakage Current 


HloI 


— 


— 


2 


liA 


CS = V, H or OE = V 1H , V I/0 = V ss to V cc 




Operating Power 
Supply Current: DC 


!cc 


- 


10 


25 


mA 


CS = V 1L , I l/0 = 0mA 




Average Operating Power 


'cci 


- 


37 


80 


mA 


min. cycle duty =100%, I| /0 = 0mA 


-12 


Supply Current (l) 


- 


35 


80 


-15 


Average Operating Power 
Supply Current (2) 


1CC2 


- 


10 


!5 


mA 


cs = V 1L , v IH = v cc , v IL = 0V, 

I, /0 = 0mA, f = IMHz 




Standby Power Supply Current: DC 


*SB 


- 


2 


12 


mA 


CS = V IH 




Standby Power Supply 


*SBI 


- 


8 


400 


*A 


CS > V cc - 0.2V, A ,5, A, 6 > V cc -0.2V 
or A | 5 , A, 6 < 0.2V 


HM66204L 


Current (I): DC 


- 


0.16 


8 


mA 


HM66204 


Output Low Voltage 


Vol 


- 


- 


0.4 


V 


I C) i = 2.1mA 




Output High Voltage 


Voh 


2.4 


- 


- 


V 


I OH = 1.0mA 





•Typical values arc at V cc = 5.0V, T, = +25°C and specified loading. 

■ CAPACITANCE (T a = 25 °C, f = 1 MHz) 



Parameter 


Symbol 


min 


typ 


max 


Unit 


Text Conditions 


Input Capacitance 


Qn 


- 


- 


45 


pF 


v, N = ov 


Input/Output Capacitance 


Q/o 


- 


- 


50 


pF 


V,/o = 0V 



NOTE: 

I. This parameter is sampled and not 100% tested. 
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■ AC CHARACTERISTICS (T a = to +70°C, V cc = 5V ± 10% unless otherwise noted) 

► AC TEST CONDITIONS _ 

— Input pulse levels: 0.8V to 4.0V CS, A 15 , A 16 

0.8V to 2.4V . .Other pin except CS, A 15 , A 16 

— Input rise and fall times: 5ns 

— Input and Output timing reference level: 1.5V 

— Output load: 1 TTL Gate and CL = 100 pF (including scope & jig) 



■ READ CYCLE 



Parameter 


Symbol 


HM66204L/-12 


HM66204L/-15 


Unit 


min 


max 


min 


max 


Read Cycle Time 


l RC 


120 


- 


150 


- 


ns 


Address Access Time 


*AA 


- 


120 


- 


150 


ns 


Chip Select Access Time 


*ACS 


- 


120 


- 


150 


ns 


Output Enable to Output Valid 


l OR 


- 


60 


- 


70 


ns 


Output Hold from Address Change 


l OH 


10 


- 


10 


- 


ns 


Chip Selection to Output in Low Z 


l CLZ 


10 


- 


10 


- 


ns 


Output Enable to Output in Low Z 


l OLZ 


5 


- 


5 


- 


ns 


Chip Deselection to Output in High Z 


l CHZ 





40 





50 


ns 


Output Disable to Output in High Z 


l OHZ 





40 





50 


ns 



• Read Cycle Timing No. 1 (1) 



Address 



x 



-tRC~ 



-tAA~ 



« WWWWVU 



-tOE" 



-tOLZ- 



cs 



Dout 



5XXS 



-tACS" 



-tCLZ- 



®( 



miinmii 



X 



« — tOH" 



nun mm ii 



-tOHZ- 



-tCHZ" 



Data Valid 



)® 



• Read Cycle Timing No. 2 (1) (2) (4) 



Address 



Dout 



-tRC- 



x 



-tAA~ 



-tOH- 



/i\aXXXXXX)|( 



X 



-tOH~ 



Data Valid 



X 
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Read Cycle Timing No. 3 (1) (3) (4) 



CS 



Dout 



-tACS~ 



-tCLZ- 



(XXXHS( 



Data Valid 



NOTKS: 

1 WE is high lor toad cycle. 

2 Device is continuously selected. CS = V„ 

3 Address should be valid prioi to or coincident with CS tiansition low. 

4. on = v u 



/ 



< tCHZ ► 



I 



WRITE CYCLE 



Parameter 


Symbol 


HM66204L/-I2 


HM66204I/-I5 


Unit 


min 


max 


min 


max 


Write Cycle Time 


l wc 


1 20 


- 


1 50 


- 


ns 


Chip Selection to End of Write 


lew 


I(X) 


- 


1 20 


- 


ns 


Address Valid to End of Write 


Uw 


I00 


- 


1 20 


- 


ns 


Address Set Up Time 


Ias 





- 





- 


ns 


Write Pulse Width 


t\VP 


90 


- 


no 


- 


ns 


Write Recovery Time 


l WR 


5 


- 


5 


- 


ns 


Write to Output in High Z 


l WHZ 





40 





50 


ns 


Data to Write Time Overlap 


t|)W 


50 


- 


60 


- 


ns 


Data Hold from Write Time 


•l)H 





- 





- 


ns 


Output Disable to Output in High Z 


U)U/ 





40 





50 


ns 


Output Active from End of Wiile 


U)W 


5 


- 


5 


- 


ns 



Write Cycle Timing No. 1 (OE Clock) 



Address 



CS 



WE 



Din 



x 



■ 777777 



SEES 



-twe- 



^x\^ 



-tcw- 



-tAS~ 



T 



-tAW- 



A 



-tOHZ (3) ► 



- ))))))))))))))))$ 



\\\\\\\\\W 



illlllllll 



« twP (1) ► 



■€ 



-<WR(2t- 



X 



L 



« tDW »T< tDH ► 



m: 
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• Write Cycle Timing No. 2 (5) (OE Low Fixed) 



Address 



CS 



3C 



SSS 



WE 



-twc- 



X 



xwxw 



-tew- 



Y 



rn niiiiiiiiiu, 



-tAS~ 



*sa 



-tAW(4)~ 



-tWP(1)~ 



-tWHZ(3)" 



- )))))))))))))))))£ ^ 



Din 



-tDW- 



-tWR(2)- 



/ 



-tOH~ 



-tow- 



(6) (7) 

ok 



-tDH(8)~ 



))))))))) 



NOTES: 

1 . A write occurs during the overlap (t w p) of a low CS and a low WE 

2. l WR is measured from the earlier of CS or WE going high to the end or write cycle 

3. During this period, I/O pins aie in the output state. 
The input signals out of phase must not be applied. 

4. II the CS low transition occurs simultaneously with the WE low transition or alter the WE low transition, output 
remain in a high impedance state. 

5. OE is continuously low. (OE = V„ ) 

6. Dout should be held in phase of the written data during this write cycle 

7. Dout is the lead data of next address. 

8. If CS is low during this period, I/O pins arc in the output state. The input signals which arc opposite to the output 
level should not be applied to I/O pins. 

■ Low V C c DATA RETENTION CHARACTERISTICS (T a = 0°C to +70°C) 



Parameter 


Symbol 


m in 


type 


max 


Unit 


Test Conditions 


V cc for Data Retention 


V,)R 


2.0 


- 


- 


V 


CS > V cc -0.2V 


Data Retention Current 


*CCDR 


- 


- 


200 


^A 


V cc = 3.0V CS > 2.8V 


Chip Deselect to Data Retention Time 


{ CI)R 





- 


- 


ns 


Sec Retention Waveform 


Operation Recovery Time 


tR 


OMrc 


- 


- 


ns 



NOTE: 
I. t RC = 



Read Cycle Time. 



• Low V cc Data Retention Waveform 
Vcc 



CS 




Data Retention Mode 



VDR > 2.0V 



CS > V CC -0.2V 




0V- 



-0V 
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PACKAGE DIMENSIONS 



-HM66204-12/-15, HM66204L-12/-15 



1.870 
47.50 


f 1.900 max. | 
l_48.26 max.j 


' 


llBBilfilBIBIill 






^lllllllffllllHl 1 


b 

B 

b 

B 

B 


e 

O 


I ° 


SI of 
Slo II 


|iliHHlllil 


Is* 


^iifiiiiiiiiiiii 







/: 


\ 






0.008 




- 0.014 


0.20 
< 


- 0.36 
0° - 15°—> 

0.600 

15.24 >\ 



-V 



I 
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32768-word X 8-bit High Speed Pseudo Static RAM 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 

Access Time 

CE Access Time 

Address Access Time 

(in static column mode) 
Cycle Time 

Random Read/Write Cycle Time 

Static Column Mode Cycle Time 

• Low Power 

1 75mW typ. Active. 

• All inputs and outputs TTL compatible 

• Static Column Mode Capability 

• Non Multiplexed Address 

• 256 Refresh Cycles (4ms) 

• Refresh Functions 

Address Refresh 
Automatic Refresh 
Self Refresh 
Hidden Refresh 



120/1 507200ns 
. .60/75/1 00ns 



190/235/3 10ns 
. .65/80/1 05ns 



HM65256AP Series 




(DP-28) 



HM65256ASP Series 



^ 



(DP-28N) 



■ BLOCK DIAGRAM 



^ 






56 o- 



D«u \- 



Refresh 
Control 



Column Decode i 



|1^ 



-sr 



Ti ming Pulse Cen 
Read Write Control 



PIN ARRANGEMENT 


*»GJ 


r^n 


28) V'cr 


»«rr 




27) WE 


A7 (T 




2b] A. 3 


A« (7 




25] A« 


As [7 




iT] A9 


A4 (T 




2j]Aii 


ajJT 




22] OE 


Aj(T 




77] A.o 


A.rr 




20] cf 


Ao(7o 




T9] I/O? 


i/oo Qjj 




7a) I/O. 


i/o. (77 




77) i/os 


I/O? (77 




]6)l/04 


v bS [u 




j5)l/03 



(Top View) 
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HM65256AP Series, HM65256ASP Series 



■ TRUTH TABLE 



CE 


OE at CE 
going Low 


OE 


WE 


I/O Pin 


Mode 


Notes 


L 


H 


L 


H 


LowZ 


Read 




L 


H 


H 


L 


HighZ 


Write 




L 


H 


H 


H 


HighZ 


- 




L 


L 


L 


X 


LowZ 


Hidden 
Refresh 


Output Buffers must keep Low Impedance State in 
previous Precharge Cycle. 


L 


L 


X 


X 


HighZ 


Auto- 
matic 
Refresh 


Output Buffers must turn off in previous Precharge 
Cycle. 


L 


X 


X 


X 


HighZ 


Self 
Refresh 


CE Pulse Width > 300m sec. 


H 


X 


H 


X 


HighZ 


Standby 




H 


X 


L 


X 


X 


- 


Once Dout Buffers turn off, Output Buffers remain 
in High Impedance State. 



i ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Ratings 


Unit 


Voltage on any pin relative to V§s 


V T 


-1.0 to +7.0 


V 


Power Dissipation 


P T 


1 


W 


Operating Temperature 


*opr 


to +70 


°c . 


Storage Temperature 


T stg 


-55 to +125 


°c 


Temperature under Bias 


T bUu 


-10 to +85 


°c 



RECOMMENDED DC OPERATING CONDITIONS (7i=0to+70°C) 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


v C c 


4.5 


5.0 


5.5 


V 


Vss 











V 


Input Voltage 


Vm 


2.2 


- 


6.0 


V 


VlL 


-1.0 


- 


0.8 


V 



■ DC ELECTRICAL CHARACTERISTICS (F C c=5V ±10%, T fl = 


to +70°C) 






Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Operating Power Supply Current 


J CC1 


hlo = o 

tcyc - min. 


- 


35 


65 


mA 


Standby Power Supply Current 


J SB1 


CE=V IH ,QZ=V IH 


- 


1 


2 


mA 


Standby Power Supply Current 


J SB2 


CE>V C C- 0.2V 
OE > Vcc - 0.2V 


- 


0.4 


0.6 


mA 


Operating Power Supply Current in 
Self Refresh Mode 


J CC2 


CE-K/z 


- 


0.6 


1 


mA 


Input Leakage Current 


ILI 


K CC =5.5V 

Vin = Vss to V CC 


-10 


- 


10 


MA 


Output Leakage Current 


lLO 


OE=K/// 

v i/o = v S s to v C c 


-10 


- 


10 


ma 


Output Voltage 


vol 


IOL = 2l mA 


- 


- 


0.4 


V 


VOH 


J OH = -1 m A 


2.4 


- 


- 


V 
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HM65256AP Series, HM65256ASP Series - 



■ AC CHARACTERISTICS (V C c = 5V ± 10%, T a = to +70°C) 
• AC TEST CONDITIONS 

o Input Pulse Levels ... 0.4 to 2.4V 
o Input Rise and Fall Times . . . 5 ns 



• READ AND WRITE MODE 



o Input Timing Reference Levels . . . 0.8V, 2.2V 
o Output Timing Reference Levels . . . Voh ~ 2.0V # 

Vol - 0.8V 
o Output Load ... 1TTL Gate and C L = 100pF 
(including jig and scope) 



Item 


Symbol 


HM65256A-12 


HM65256A-15 


HM65256A-20 


Unit 


Note 


min 


max 


min 


max 


min 


max 


Random Read or Write Cycle Time 


*RC 


190 


- 


235 


- 


310 


- 


ns 




Read Modify Write Cycle Time 


*RWC 


265 


- 


325 


- 


425 


- 


ns 




Chip Enable Access Time 


*CEA 


- 


120 


- 


150 


- 


200 


ns 




Address Access Time 


*AA 


- 


60 


- 


75 


- 


100 


ns 




Output Enable Access Time 


*OEA 


- 


50 


- 


60 


- 


75 


ns 




Output Buffer Turn-off Delay 


*OFF 


5 


20 


5 


25 


5 


35 


ns 


(1) 


Chip Enable Pulse Width 


tCE 


120 


10000 


150 


10000 


200 


10000 


ns 




Chip Enable Precharge Time 


<P 


60n 


4m 


75n 


4m 


lOOn 


4m 


s 




Address Set-up Time 


US 





- 





- 





- 


ns 




Row Address Hold Time 


*RAH 


20 


- 


25 


- 


30 


- 


ns 




Column Address Hold Time 


tCAH 


120 


- 


150 


- 


200 


- 


ns 




Column Address Hold Time from 
CE going High 


*AH 





- 





- 





- 


ns 




Static Mode Read or Write Cycle Time 


*RSC 


65 


- 


80 


- 


105 


- 


ns 




Read Command Set-up Time 


tRCS 





- 





- 





- 


ns 




Read Command Hold Time 


tRCH 





- 





- 





- 


ns 




Output Enable Set-up Time 


*OES 





- 





- 





- 


ns 




Chip Enable to Output Enable Delay 
Time 


*COD 


20 


- 


25 


- 


30 


- 


ns 




Output Hold Time from Column 
Address 


tOH 


5 


- 


5 


- 


10 


- 


ns 




Write Command Set-up Time 


twcs 





- 





- 





- 


ns 




Write Command Hold Time 


tWCH 


30 


- 


35 


- 


40 


- 


ns 




Write Command Pulse Width 


tWP 


20 


- 


25 


- 


30 


- 


ns 




Write Command to Chip Enable Lead 
Time 


*WCL 


45 


- 


55 


- 


70 


- 


ns 




Column Address Set-up Time for Write 


USW 





- 





- 





- 


ns 




Write Command to Column Address 
Lead Time 


*WAL 


45 


- 


55 


- 


70 


- 


ns 




Data In Set-up Time 


*DS 





- 





- 





- 


ns 




Data In Hold Time for Early Write 


*DHC 


30 


- 


35 


- 


40 


- 


ns 




Data In Hold Time for Late Write 


*DHW 


20 


- 


25 


- 


30 


- 


ns 




Output Enable to Data In Delay Time 


tODD 


20 


- 


25 


- 


35 


- 


ns 


(4) 


Data In Floating to Output Enable 
Delay Time 


tDFO 





- 





- 





- 


ns 


(4) 


Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 


(7) 


Refresh Command Set-up Time 


*RFS 





- 





- 





- 


ns 




Refresh Command Hold Time 


*RFH 


20 


- 


25 


- 


30 


- 


ns 




Chip Enable Pulse Width for Self 
Refresh 


tCEF 


300 


- 


300 


- 


300 


- 


MS 





(to be continued) 
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-HM65256AP Series, HM65256ASP Series 



Item 


Symbol 


HM65256A-12 


HM65256A-1S 


HM65256A-20 


Unit 


Note 


min 


max 


min 


max 


min 


max 


Chip Enable Pre-charge Time after 
Self Refresh 


tPF 


190 


- 


235 


- 


310 


- 


ns 




Refresh Period 


tREF 


- 


4 


- 


4 


- 


4 


ms 


256 
cycle 



Notes: 1. tQpf (max) defines the time at which the output achieves the open circuit condition. 

2. Write starts with the later of CE or WE going low (exept during a refresh cycle). 

3. If the first write pulse is applied within tQE ( m i n )» * ne second write pulse must be applied after tQE (min). 

4. If input signals of opposite phase to the outputs are applied in write cycle, OE must disable output buffers prior 
to applying data to the device and data inputs must be floating prior to OE turning on output buffers. 

5. Once OE goes high and output buffers turn off in precharge cycle, automatic refresh cycle can start. Output 
buffers remain in high impedance state in automatic refresh cycle. 

6. Output buffers are in high impedance state, and not controlled by OE in self refresh mode. 

7. Vjff (min) and Vji (max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vjff and Vji,. 

• READ CYCLE 



\ 



ffl 



Address 
Ai~Au 



KSXX 



unT 



7zm r 



y 



tmmmmxmmmi^mm^ 



H 



I 



Mffi 



^XXXi 



^#- <SXXX 



sXXXXK 



/ 



• EARLY WRITE CYCLE 



(2) 



\ 



xxx>e 



m>E: 



^E: 



w 



I 



n^mmmyyyymmym m^x 



^ 



XXXE 



/ 



(4) 

tDHC ^_ IDFO 



\\\\\\\\\\\\\\\\\\\\\\\\\\\ 



& 
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HM65256AP Series, HM65256ASP Series- 



• LATE WRITE CYCLE 



(2) 



V 



EM 



Z7 



J*~ \. 



tayyxxm^xmxxxxxxxxxxxx ;^^ 



\z=3T 



*^ST. 



IOFF\ 



• READ MODIFY WRITE CYCLE 



(2) 



\ 



EM 



JUL 



IKS 



TED 1 W^X\\ 



r~\ 



frxxxxxxxmyyxxmxxxxxxx^ x^ 



X=f 



^S 



^§C3 



J 



:xxs 



c 



• STATIC COLUMN MODE READ CYCLE 



\ 



ssxE: 



m 



2Z2f 



ZZZZ7 



/ \ 



Kxxxxxxxxxxxxyyxxxyyxy> :^ywy^ 



\££t 



x 



///')/ S ' \\\ \XA DmIoui XXX DauOm J\XX l>au Out , f 



JOTS 



A \\\\\\\ 



J 
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HM65256AP Series, HM65256ASP Series 



• STATIC COLUMN MODE WRITE CYCLE 



(2),(3) 



\ 



m& 



EM 



7/ r 



mmYYmymmYYYYYxm wm 



\ Y///;///// llf 



kzT3(XXS 



X WWWWWH 



& 



««««( 0C* 



\mr 



A 



\ 



: T\ 



Daia In / 



• HIDDEN REFRESH CYCLE 



\ 



m 



M 



/ 



\ 



)<mmmmmX} jYYxxYYxYym 



"te\ 



^ — <xsx 



KXYYYYXYimxymxym, 



\XS 



Izzj 



m- 



• AUTOMATIC REFRESH CYCLE 



(5) 



7ZZ% 



\ 



r 



\X////XXXXX/XX/XX///XX/X// 



s§§- 



• SELF REFRESH CYCLE 



(6) 



\ 



f 



V 
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HM65256AP Series, HM65256ASP Series- 



• Capacitance (r fl = 25°C,/ = 1MHz) 



Item 


Symbol 


min 


typ 


max 


Unit 


Conditions 


Input Pin Capacitance 


C in 


- 


- 


5 


pF 


Kfn'OV 


I/O Pin Capacitance 


c i/o 


- 


- 


7 


pF 


K//o s 0V 



Note) These parameters are not 100% tested. 
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32768-word X 8-bit High Speed Pseudo Static RAM 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 
Access Time 

CE Access Time 1 20/1 50/200ns 

Address Access Time 60/75/1 00ns 

(in Static Column Mode) 
Cycle Time 

Random Read/Write Cycle Time 190/235/3 10ns 

Static Column Mode Cycle Time 65/80/1 05ns 

• Low Power 
175mWtyp. Active. 

• All inputs and outputs TTL compatible 

• Static Column Mode Capability 

• Non Multiplexed Address 

• 256 Refresh Cycles (4ms) 

• Refresh Functions 
Address Refresh 
Automatic Refresh 
Self Refresh 

■ BLOCK DIAGRAM 



*<^-[JC= 






Utch 
Control 



ei c 



D»u 



Refresh 
Control 



§=EE$St. 



■*tt 



Timing Pulse Gen 
Read Write Control 
1 



HM65256BP Series 




(DP-28) 



HM65256BSP Series 




(DP-28N) 



HM65256BFP Series 




(FP-28D) 



■ PIN ARRANGEMENT 


*..rr 


W 


2«| Vcc 


*„n 




27] WE 


A' (T 




lb\ \\> 


A* [7 




3 a. 


*» GE 




2j] A. 


A. (T 




2j] An 


Aj[T 




]j[)0E 


A? (T 




TTj Aio 


A,rr 




HcT 


Ao (jO 




T^] I/O 


i/o» (77 




U»)l/0« 


i/o. \n 




77) 1/0$ 


I/O: Q3 




7?) i/o« 


VssE 




TsJi/oj 



(Top View) 
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HM65256BP Series, HM65256BSP Series, HM65256BFP Series - 



■ TRUTH TABLE 



CE 


Of 


WE 


I/O Pin 


mode 




L 


L 


H 


LowZ 


Read 


L 


X 


L 


HighZ 


Write 


L 


H 


H 


HighZ 


- 


H 


L 


X 


HighZ 


Refresh 


H 


H 


X 


HighZ 


Standby 



ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage with Respect to V s § 


V T 


-1.0 to +7.0 


V 


Power Dissipation 


P T 


1.0 


w 


Operating Temperature 


*opr 


to +70 


°c 


Storage Temperature 


Tstg 


-55 to +125 


°c 


Storage Temperature Under Bias 


T bia$ 


-10 to +85 


°c 



■ RECOMMENDED DC OPERATING CONDITIONS (T a = to +70°C) 



Item 


Symbol 


min. 


typ. 


max. 


unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 











V 


Input Voltage 


VlH 


2.2 


- 


6.0 


V 


VlL 


-1.0 


- 


0.8 


V 



DC ELECTRICAL CHARACTERISTICS (T a = to +70°C, V C c = 5V ±10%) 



Parameter 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Operating Power 
Supply Current 


hci 


t cyc = min. 


- 


35 


65 


mA 


Standby Power 
Supply Current 


J SB1 


CE=K /H 
OE=K /H 


- 


1 


2 


mA 


Operating Power Supply 
Current in Self Refresh Mode 


hc2 


CE=K /H 
OE=K /z , 


- 


1 


2 


mA 


Input Leakage 
Current 


hi 


K CC = 5.5V 

Vin = V ss to V cc 


-10 


- 


10 


MA 


Output Leakage 
Current 


Ilo 


OE=K /H 

Vl/O = v ss to v cc 


-10 


- 


10 


ma 


Output Voltage 


Vol 


Iql = 2.1 mA 


- 


- 


0.4 


V 


Voh 


Iqh s -1 m A 


2.4 


- 


- 


V 


■ CAPACITANCE 


Item 


Symbol 


Test Conditions 


typ. 


max. 


Unit 


Input Capacitance 


Cm 


Vin = 0V 


- 


5 


pF 


Input/Output Capacitance 


C I/0 


K //o =0V 


- 


7 


pF 



Note) This Parameter is sampled and not 100% tested. 
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-HM65256BP Series, HM65256BSP Series, HM65256BFP Series 



Electical Characteristics and Recommended AC Operating Conditions (T a = to +70°C, V cc = 5V ±10%) 
AC Test Conditions 

Input Pulse Levels 2.4V, 0.4V 

Input Rise and Fall Times 5ns 

Timing Measurement Level 2.2V, 0.8V 

Reference Level V, 



OH =2.0V, V 0L =0.8V 
Output Load 1 TTLand 100pF 



Item 


Symbol 


HM65256B-12 


HM65256B-15 


HM65256B-20 


Unit 


min. 


max. 


min. 


max. 


min. 


max. 


Radom Read or Write Cycle Time 


*RC 


190 


- 


235 


- 


310 


- 


ns 


Static Column Mode Read or Write Cycle Time 


*RSC 


65 


- 


80 


- 


105 


- 


ns 


Chip Enable Access Time 


l CEA 


- 


120 


- 


150 


- 


200 


ns 


Address Access Time 


*AA 


- 


60 


- 


75 


- 


100 


ns 


Output Enable Access Time 


t OEA 


- 


50 


- 


60 


- 


75 


ns 


Chip Disable to Output in High Z 


*CHZ 


- 


25 


- 


30 


- 


35 


ns 


Chip Enable to Output in Low Z 


f CLZ 


30 


- 


35 


- 


40 


- 


ns 


Output Enable to Output in Low Z 


t OLZ 


10 


- 


10 


- 


10 


- 


ns 


Output Disable to Output in High Z 


x OHZ 


- 


25 


- 


30 


- 


35 


ns 


Chip Enable Pulse Width 


f CE 


120n 


4m 


150n 


4m 


200n 


4m 


s 


Chip Enable Precharge Time 


tp 


60 


- 


75 


- 


100 


- 


ns 


Address Set-up Time 


Us 





- 





- 





- 


ns 


Row Address Hold Time 


*RAH 


20 


- 


25 


- 


30 


- 


ns 


Column Address Hold Time 


tCAH 


120 


- 


150 


- 


200 


- 


ns 


Column Address Hold Time from CE going High 


Uh 





- 





- 





- 


.is 


Read Command Set-up Time 


tRCS 





- 





- 





- 


ns 


Read Command Hold Time 


*RCH 





- 





- 





- 


ns 


Output Enable Hold Time 


f OHC 





- 





- 





- 


ns 


Output Enable to Chip Enable Delay Time 


f OCD 





- 





- 





- 


ns 


Output Hold Time from Column Address 


t OH 


5 


- 


5 


- 


10 


- 


ns 


Write Command Pulse Width 


*WP 


25 


- 


30 


- 


35 


- 


ns 


Chip Enable to End of Write 


*CW 


120 


- 


150 


- 


200 


- 


ns 


Column Address Set-up Time 


f ASW 





- 





- 





- 


ns 


Column Address Hold Time after Write 


*AHW 





- 





- 





- 


ns 


Data Valid to End of Write 


f DW 


20 


- 


25 


- 


30 


- 


ns 


Data In Hold Time for Write 


*DH 





- 





- 





- 


ns 


Output Active from End of Write 


tow 


5 


- 


5 


- 





- 


ns 


Write to Output in High Z 


*WHZ 


- 


25 


- 


30 


- 


35 


ns 


Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 


Refresh Command Delay Time 


f RFD 


60 


- 


75 


- 


100 


- 


ns 


Refresh Precharge Time 


t FP 


30 


- 


30 


- 


30 


- 


ns 


Refresh Command Pulse Width for Automatic 
Refresh 


*FAP 


80 


10000 


80 


10000 


80 


10000 


ns 


Automatic Refresh Cycle Time 


f FC 


190 


- 


• 235 


- 


310 


- 


ns 


Refresh Command Pulse Width for Self Refresh 


tFAS 


10000 


- 


10000 


- 


10000 


- 


ns 


Refresh Reset Time for Self Refresh 


*FRS 


190 


- 


235 


- 


310 


- 


ns 


Refresh Period 


f REF 


- 


4 


- 


4 


- 


4 


ms 



Notes: 

(1) tcHZ' x OHZ an< * *WHZ define the time at which the output achieves the open circuit conditions. 

(2) tcLZ> tQLZ an( * *OW are sampled under the condition of tf=Sns, and not 100% tested. 

(3) A write occurs during the overlap of a low CE and low WE. 

(4) If CE goes low simultaneously with WE going low or after WE going low, the outputs remain in high impedance state. 

(5) If input signals of opposite phase to the outputs are applied in write cycle, OE or WE must disable output buffers 
prior to applying data to the device and data inputs must be floating prior to OE or WE turning on output buffers. 

(6) Vjh (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are meas- 
ured between Vjjj and Vj^. 

(7) An initial pause of 1 OOjxs is required after power-up followed by a minimum of 8 initialization cycles. 
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HM65256BP Series, HM65256BSP Series, HM65256BFP Series - 



■ TIMING WAVEFORMS 

• Read Cycle No. 1 ICE controlled) 



CE- 



\ 



Address \/YW r 
Ao~At AAAA 



Address \/YV\ ^ 
A 8 ~Ai4 AAA/ i 



2^ r 



/Kf 



/ K 



^yxxyxyxyyxyyxyyxxyyxy^romy 



XXffiffi 



^5SS 



WE 



0E- 



tCLZ 



Dout- 



(s®: 



Valid 
Data Out 



tCHZ 



• Read Cycle No. 2 (OE controlled) 



CE- 



\ 



Address 

Ao~A7 



3SX 



I AS 



Idress VYYV r 



Address 

As 



tRCS 



OE 



fat 



/ K 



^ mmmmmwmmm^m 



tCAH 



tOHC 



i 



mnmnmnR 



;<ffiE 



fKCW 



ssss 



Dout- 



fOE/l 



Jo/,* 



tCLZ 



<ssxx 



Valid 
Data Out 



i ^yF^ 
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-HM65256BP Series, HM65256BSP Series, HM65256BFP Series 



• Writs Cycle No. 1 (OE Clock) 



Address WV\ r 
Ao~A7 AAA/ t 



\ 



;^\. 



Addres: 
Ai 



WE 



^> <yxyyxmxyxyyyyymym^ ;^m- 



\ 



/ 



* ////////////// 



w: 



\\\\\\\\ 






u 



it gggr 



woooooooa 



• Write Cycle No. 2 (OE low fix) 



Address 

Ao~A 



rES>: 

j 

Address \AA/\ r 
As-Au AAA^ 



^ otaoooooooottmmyflfl^ 



s\\\\\\\\\\\\\v : 



-©: 



toxyyyyyxyx^ 



:<x>- 



«l 



K_ 



:<m: 
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HM65256BP Series, HM65256BSP Series, HM65256BFP Series - 
• Static Column Mode Read Cycle 



CE 



\ 



ddress W\Ar~~ 
0~A7 AAA^ 

U 

tR( 

uzr 



Address 
A8-A14 



^j axxmxxxxxxxxxxymtt ! ^^ 



/ 



X 



% 



to: 



Valid 
Data Out 



m 



: t 



Valid 
Data Out 



:<ssz 



t \\\\\\ 



&72 Y////// / 



ftX) f Pa^Out , ^77 



• Static Column Mode Write Cycle 



\ 



Address 

Ao~A7 



Address 
A8-A14 



to <: 



*m r 



-IZZZZZ2Z7 



;^~\ 



WO<XXX)O<)0W00O0C>0OW^mX 



-;ssss^^z:2ZZ7 r 



x 



\ 



vw wwww sxs: 



^^ 



> 



/ 



:xsx: 



c 



wooooow 



• Automatic Refresh Cycle 



CE- 



/ 



tRFD 



tFP 



* milium 1 / \ . ///////// 



tFP 



tFC 



\ 



tFAP 
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-HM65256BP Series, HM65256BSP Series, HM65256BFP Series 



• Self Refresh Cycle 



CE- 



/. 



™ uuiniin \ 



If as 



f 



tFRS 



\ 
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32768-word X 8-bit High Speed Pseudo Static RAM 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 
Access Time 

CE Access Time 1 20/1 50/200ns 

Address Access Time 60/75/1 00ns 

(in Static Column Mode) 
Cycle Time 

Random Read/Write Cycle Time 190/235/310ns 

Static Column Mode Cycle Time 65/80/1 05ns 

• Low Power 
175mWtyp. Active. 

• All inputs and outputs TTL compatible 

• Static Column Mode Capability 

• Non Multiplexed Address 

• 256 Refresh Cycles (4ms) 

• Refresh Functions 
Address Refresh 
Automatic Refresh 
Self Refresh 

■ BLOCK DIAGRAM 




a c 



Row 
Decode 



Memnry M»t 
( 2S6 x 128 ) > 



Dau 



Refresh 
Control 



rMEEM 



-&-■ 



Timing Pulse Gen 
Read Wr.te Control 
1 



HM65256BLP Series 




(DP-28) 



HM65256BLSP Series 




(DP-28N) 



HM65256BLFP Series 




(FP-28D) 



■ PIN ARRANGEMENT 



»..rr 


^ 


28) Vcc 


«»E 




1]WE 


A? [T 




2o] Au 


At [7 




JE] A * 


As (T 




24] A» 


A4 (T 




iTJ An 


AsjT 




^OE 


A? QT 




7j] a.o 


Ai QT 




£)CE 


Ao (Tu 




T4] I,0» 


i/oo QT 




]7] 1/0* 


i/o. Q7 




77) i/Oi 


I/O* [U 




wji/o. 


gndQT 




Ti) 1/03 



(Top View) 
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HM65256BLP Series, HM65256BLSP Series, HM65256BLFP Series 



■ TRUTH TABLE 



CE 


OE 


WE 


I/O Pin 


mode 


L 


L 


H 


LowZ 


Read 


L 


X 


L 


HighZ 


Write 


L 


H 


H 


HighZ 


- 


H 


L 


X 


HighZ 


Refresh 


H 


H 


X 


HighZ 


Standby 



ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage with Respect to V S s 


V T 


-1.0 to +7.0 


V 


Power Dissipation 


P T 


1.0 


W 


Operating Temperature 


'opr 


to +70 


°c 


Storage Temperature 


T stg 


-55 to +125 


°c 


Storage Temperature Under Bias 


'bias 


-10 to +85 


°c 



■ RECOMMENDED DC OPERATING CONDITIONS (T a = to +70°C) 



Item 


Symbol 


min. 


typ. 


max. 


unit 


Supply Voltage 


v C c 


45 


5.0 


5.5 


V 


Vss 











V 


Input Voltage 


VlH 


2.2 


- 


6.0 


V 


VlL 


- 1.0 


- 


0.8 


V 



■ DC ELECTRICAL CHARACTERISTICS (T a = to +70°C, V CC = 5V ±10%) 



Parameter 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Operating Power 
Supply Current 


l CCl 


///O = 
t cyc - min. 


- 


35 


65 


mA 


Standby Power 


1 SB l 


CE=V,h,OE=V/h 


- 


1 


2 


mA 


Supply Current 


I SB 2 


CE^Vcc-0.2V,6E^Vcc-0.2V 


- 


0.05 


1 


mA 


Operating Power Supply 


ICC2 


CE=Vih,OE=V/l 


_ 


0.6 


1 


mA 


Current in Self Refresh Mode 


ICC 3 


CE^ V C c- 0.2V,OE< 0.2V 


- 


50 


100 


//A 


Input Leakage 
Current 


Ili 


K CC = 5.5V 

Vin = V ss to V cc 


-10 


- 


10 


M 


Output Leakage 
Current 


Ilo 


OE =V IH 

Vuo = v ss ^ v cc 


-10 


- 


10 


mA 


Output Voltage 


Vol 


I OL = 2 1 mA 


- 


- 


0.4 


V 


VOH 


l OH = -1 mA 


2.4 


- 


- 


V 


■ CAPACITANCE 


Item 


Symbol 


Test Conditions 


typ. 


max. 


Unit 


Input Capacitance 


Cm 


Vin = 0V 


- 


5 


PF 


Input/Output Capacitance 


C l/0 


K 7/ tf=0V 


- 


7 


PF 



Note) This Parameter is sampled and not 100% tested. 
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HM65256BLP Series, HM65256BLSP Series, HM65256BLFP Series - 



Electical Characteristics and Recommended AC Operating Conditions (T a 
AC Test Conditions 

Input Pulse Levels 2.4V, 0.4V 

Input Rise and Fall Times 5ns 

Timing Measurement Level 2.2V, 0.8V 

Reference Level V QH = 2.0V, V OL = 0.8V 

Output Load 1 TTLand 100pF 



= 0to+70°C, K CC = 5V±10%) 



Item 


Symbol 


HM65256BL-12 


HM65256BL-15 


HM65256BL-20 


Unit 


min. 


max. 


min. 


max. 


min. 


max. 


Radom Read or Write Cycle Time 


f RC 


190 


- 


235 


- 


310 


- 


ns 


Static Column Mode Read or Write Cycle Time 


*RSC 


65 


- 


80 


- 


105 


- 


ns 


Chip Enable Access Time 


f CEA 


- 


120 


- 


150 


- 


200 


ns 


Address Access Time 


Ua 


- 


60 


- 


75 


- 


100 


ns 


Output Enable Access Time 


tOEA 


- 


50 


- 


60 


- 


75 


ns 


Chip Disable to Output in High Z 


*CHZ 


- 


25 


- 


30 


- 


35 


ns 


Chip Enable to Output in Low Z 


f CLZ 


30 


- 


35 


- 


40 


- 


ns 


Output Enable to Output in Low Z 


*OLZ 


10 


- 


10 


- 


10 


- 


ns 


Output Disable to Output in High Z 


f OHZ 


- 


25 


- 


30 


- 


35 


ns 


Chip Enable Pulse Width 


*CE 


120n 


4m 


150n 


4m 


200n 


4m 


s 


Chip Enable Precharge Time 


tp 


60 


- 


75 


- 


100 


- 


ns 


Address Set-up Time 


Us 





- 





- 





- 


ns 


Row Address Hold Time 


f RAH 


20 


- 


25 


- 


30 


- 


ns 


Column Address Hold Time 


*CAH 


120 


- 


150 


- 


200 


- 


ns 


Column Address Hold Time from CE going High 


Uh 





- 





- 





- 


.is 


Read Command Set-up Time 


Ucs 





- 





- 





- 


ns 


Read Command Hold Time 


UCH 





- 





- 





- 


ns 


Output Enable Hold Time 


f OHC 





- 





- 





- 


ns 


Output Enable to Chip Enable Delay Time 


f OCD 





- 





- 





- 


ns 


Output Hold Time from Column Address 


f OH 


5 


- 


5 


- 


10 


- 


ns 


Write Command Pulse Width 


*WP 


25 


- 


30 


- 


35 


- 


ns 


Chip Enable to End of Write 


f CW 


120 


- 


150 


- 


200 


- 


ns 


Column Address Set-up Time 


Usw 





- 





- 





- 


ns 


Column Address Hold Time after Write 


Uhw 





- 





- 





- 


ns 


Data Valid to End of Write 


f DW 


20 


- 


25 


- 


30 


- 


ns 


Data In Hold Time for Write 


t DH 





- 





- 





- 


ns 


Output Active from End of Write 


tow 


5 


- 


5 


- 





- 


ns 


Write to Output in High Z 


*WHZ 


- 


25 


- 


30 


- 


35 


ns 


Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 


Refresh Command Delay Time 


tRFD 


60 


- 


75 


- 


100 


- 


ns 


Refresh Precharge Time 


tpp 


30 


- 


30 


- 


30 


- 


ns 


Refresh Command Pulse Width for Automatic 
Refresh 


*FAP 


80 


10000 


80 


10000 


80 


10000 


ns 


Automatic Refresh Cycle Time 


*FC 


190 


- 


235 


- 


310 


- 


ns 


Refresh Command Pulse Width for Self Refresh 


*FAS 


10000 


- 


10000 


- 


10000 


- 


ns 


Refresh Reset Time for Self Refresh 


*FRS 


190 


- 


235 


- 


310 


- 


ns 


Refresh Period 


*REF 


- 


4 


- 


4 


- 


4 


ms 



Notes : 

(1) t C HZ' *OHZ an( * tWHZ define the time at which the output achieves the open circuit conditions. 

(2) t C LZ> tQLZ an< * *OW are sampled under the condition of r^=5ns, and not 100% tested. 

(3) A write occurs during the overlap of a low CE and low WE. 

(4) If CE goes low simultaneously with WE going low or after WE going low, the outputs remain in high impedance state. 

(5) If input signals of opposite phase to the outputs are applied in write cycle, OE or WE must disable output buffers 
prior to applying data to the device and data inputs must be floating prior to OE or WE turning on output buffers. 

(6) Vjfj (min) and Kjx, (max) are reference levels for measuring timing of input signals. Also, transition times are meas- 
ured between V^ and Vj^. 

(7) An initial pause of 1 OOjus is required after power-up followed by a minimum of 8 initialization cycles. 



288 



HITACHI 

Hitachi America Ltd • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 



HM65256BLP Series, HM65256BLSP Series, HM65256BLFP Series 



TIMING WAVEFORMS 
Read Cycle No. 1 (CE controlled) 



CE- 



\ 



Address" 

Ao~A7 



sax 



Address WV^ 
Ab-Am AAA/ i 



7ZZZ/ r 



/ K 



tHAH 



pmm><mm>(><>()ttmmm>!x 



KffiffiX 



kw^v 



WE 



tC I A 



0E- 



tCL/ 



Dout- 



SAAAAA Data Out 



tCH/ 



• Read Cycle No. 2 (OE controlled) 



CE- 



\ 



Address YVW r 
Ao~A? AAA/ > 



Address 

As~A 



rzsxx 



tRCS 



tRAH 



¥ K 



\ mmmimimmmvmm 



tCAH 



ikmx: 



*5££ 



OE 



i 



///////////////77 



Dout- 



tOEA 



<mxx :i^o. i^mw} 
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HM65256BLP Series, HM65256BLSP Series, HM65256BLFP Series - 
• Writ* Cycle No. 1 (Ol Clock) 

CE 



Address VW\ r 
Ao^Ar AAA/ , 



\ 



,' f ~~\_ 



Address 

Ah~Aii 



WE- 



:oo o oooooc<xx)oo oowo oo w ssm 



v — y 



* ////////////// 



Dout- 



w: 



\\ww\n ; 






. I MHZ 



■K Sg^r 



wwxywwi 



• Writt Cycle No. 2 (OE low fix) 



Address V\W r 
Ao-A? AAA/ , 



Address WV\- r 
A 8 ~Au AAAA 



,' 



:<ssssmssssmmssx 



" vvwwwwwww^x^ - 



Dout- 



^>; 



bttxyxyyyxyyffi 



:<x>- 



wS 



^ 



<S£ 
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- HM65256BLP Series, HM65256BLSP Series, HM65256BLFP Series 



• Static Column Mode Read Cycle 



\ 



Address 

A0-A7 



Address 
A8-A14 



5S)£ 



7ZZF 



/ 



w>cmm^cm^m>^ \ mm5^ 



)4 F 

J tAA _ f 



X 



tOLZ 
tCLZ~* 



mi 



Valid 
Data Out 



m 



tAA 



Valid 
Data Out 



XE2& 



WW////// 



Yj ty D.uOut j T'f 



• Static Column Mode Write Cycle 



\ 



Address 
A0-A7 



Address 
A8-A14 



^m : 



SS*P 



UTTT, 



/^~\ 



Wo<m>ooooooooowow^mK 



we \V\\V\\\Vv \ f77Ty 



TD T 



\ 



vws wwws ^: 



^^ 



) — ( 



/ 



:m: 



mcmcA 



• Automatic Refresh Cycle 



CE- 



/. 



tFC 



n lllUllllk I ,t K illllllll 



X 
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HM65256BLP Series, HM65256BLSP Series, HM65256BLFP Series 
• Self Refresh Cycle 



CE- 



£ 



tRFD 



°i iiuninn n. 



tFP 



tFAS 



/ 



tFRS 



V 
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HM658128P Series, - 
HM658128LP Series 

131072-word X 8-bit Pseudo Static RAM 

■ FEATURES 

• Single 5V (±10%) 

• High Speed 

o Access Time 

CE Access Time . . . 100/1 20/1 50ns 
o Cycle Time 

Random Read/Write Cycle Time . . . 180/21 0/250ns 

• Low Power . . . 200m W typ. (Active) 

• All inputs and outputs TTL compatible 

• Non Multiplexed Address 

• 512 Refresh Cycles (8ms) 

• Refresh Functions 

Address Refresh 
Automatic Refresh 
Self Refresh 

■ BLOCK DIAGRAM 



Preliminary 



°o-H^n 



Addres- 



MrMORY MATKIX 



Address Latch Control 



? • ' ' ' T, 







PIN ARRANGEMENT 



RFSH U_ 
AioQF 
Am[T 

Al2[T 

A 7 (T 
A„ |T 
As (T 
A4 (T 
As (T 

A2 (To 

Ai QT 
Ao \\2 
I/Oo \U 
I/O1Q4 
I/O2Q5 
Ws [l6 



32] Vcc 
U] Air, 
30) CS 

29] WE 
28] A13 
27] A« 
26) Aa 
25J An 
^24] OE 
23] A10 
JU CE 
21] I/O? 
20] I/Ob 

75] i/Os 
7S] 1/04 
TfJ i/ou 



(Top View) 



I 



Note) The specifications of this device are subject to change without notice. 
Please contact your nearest Hitachi's Sales Dept. regarding specif icatios. 
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■ TRUTH TABLE 



CE 


CS at CE going Low 


RFSH 


OE 


WE 


I/O Pin 


Mode 


L 


H 


X 


L 


H 


LowZ 


Read 


L 


H 


X 


X 


L 


.High Z 


Write 


L 


H 


X 


H 


H 


HighZ 


- 


L 


L 


X 


X 


X 


HighZ 


CS Standby 


H 


X 


L 


X 


X 


HighZ 


Refresh 


H 


X 


H 


X 


X 


HighZ 


Standby 



ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Terminal Voltage with-Respect to V$s 


V T 


-1.0 to +7.0 


V 


Power Dissipation 


P T 


1.0 


W 


Operating Temperature 


*opr 


to +70 


°C 


Storage Temperature 


T stg 


-55 to +125 


°C 


Storage Temperature Under Bias 


Tbias 


-10 to +85 


°C 



■ RECOMMENDED DC OPERATING CONDITIONS {T a 


= to +70°C) 






Item 


Symbol 


min. 


typ. 


max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 





'o 





V 


Input Voltage 


Vm 


2.2 


- 


6.0 


V 


Vil 


- 1.0 


- 


0.8 


V 



DC 



ELECTRICAL CHARACTERISTICS (T a = 0°to +70°C, Vqc = 5V ±10%) 



Parameter 


Symbol 


Test Conditions 


HM658128P 


HM658128LP 


Unit 


min. 


typ. 


max. 


min. 


typ. 


max. 


Operating Power 
Supply Current 


ica 


UlO = o 
tcyc ~ min. 


- 


40 


75 


- 


40 


75 


mA 


Standby Power 
Supply Current 


ISB1 


CE=V IH 
RFSH = Vjh 


- 


1 


2 


- 


1 


2 


mA 


Standby Power 
Supply Current 


1SB2 


CE > VCC -0.2V 
RFSH > Vcc -02V 


- 


- 


- 


- 


60 


100 


M 


Operating Power 

Supply Current in Self Refresh Mode 


ICC2 


CE= V IH 
RFSH = V/i 


- 


1 


2 


- 


1 


2 


mA 


ICC3 


CE > ^<x-0.2V 
RFSH < 0.2V 


- 


- 


- 


- 


60 


100 


fxA 


Input Leakage Current 


III 


VCC = 5.5V 

VlN = KSS to Vcc 


-10 


- 


-10 


-10 


- 


-10 


M A 


Output Leakage Current 


Ho 


OE= V m 

VllO = ^SS to V CC 


-10 


- 


-10 


-10 


- 


-10 


M A 


Output Voltage 


vol 


lOL = 2.1mA 


- 


- 


0.4 


- 


- 


0.4 




VOH 


IOH = -1mA 


2.4 


- 


- 


2.4 


- 


- 





■ CAPACITANCE (jT, = 25°C,/= 


1MHz) 










Item 


Symbol 


Test Condition 


typ. 


max. 


Unit 


Input Capacitance 


C in 


^n-0V 


- 


8 


pF 


Input/Output Capacitance 


c i/o 


K //o =0V 


- 


10 


P F 



Note) This Parameter is sampled and not 100% tested. 
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■ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING 
CONDITIONS {Ta = Oto +70°C, V C c = 5V± 10%) 

• AC Test Conditions 

Input Pulse Levels 2.4V, 0.4V 

Input Rise and Fall Times 5ns 

Timing Measurement Level 2.2V, 0.8V 

Reference Level V 0H = 2.0V, V 0L = 0.8V 

Output Load 1 TTL and 100pF 



Item 


Symbol 


HM658128P-10 
HM658128LP-10 


HM658128P-12 
HM658128LP-12 


HM658128P-15 
HM658128LP-15 




min. 


max. 


min. 


max. 


min. 


max. 




Random Read or Write Cycle Time 


*RC 


180 


- 


210 


- 


250 


- 


ns 


Chip Enable Access Time 


*CEA 


- 


100 


- 


120 


- 


150 


ns 


Output Enable Access Time 


t OEA 


- 


30 


- 


40 


- 


50 


ns 


Chip Disable to Output in High Z 


t CHZ 


- 


25 


- 


30 


- 


35 


ns 


Chip Enable to Output in Low Z 


*CLZ 


30 


- 


35 


- 


40 


- 


ns 


Output Disable to Output in High Z 


t OHZ 


- 


25 


- 


30 


- 


35 


ns 


Output Enable to Output in Low Z 


t OLZ 


5 


- 


5 


- 


5 


- 


ns 


Chip Enable Pulse Width 


*CE 


lOOn 


20m 


12 On 


20^ 


150n 


20m 


s 


Chip Enable Precharge Time 


*P 


70 


- 


80 


- 


90 


- 


ns 


Address Set-up Time 


Us 





- 





- 





- 


ns 


Address Hold Time 


*AH 


25 


- 


30 


- 


35 


- 


ns 


Read Command Set-up Time 


*RCS 





- 





- 





- 


ns 


Read Command Hold Time 


f RCH 





- 





- 





- 


ns 


RFSH Hold Time 


*RHC 


15 


- 


15 


- 


15 


- 


ns 


Chip Select Set-up Time 


f CSS 





- 





- 





- 


ns 


Chip Select Hold Time 


*CSH 


25 


- 


30 


- 


35 


- 


ns 


Write Command Pulse Width 


f WP 


20 


- 


25 


- 


30 


- 


ns 


Chip Enable to End of Write 


f cw 


100 


- 


120 


- 


150 


- 


ns 


Data In to End of Write 


f DW 


15 


- 


20 


- 


25 


- 


ns 


Data In Hold Time for Write 


*DH 





- 





- 





- 


ns 


Output Active from End of Write 


*OW 


5 


- 


5 


- 


5 


- 


ns 


Write to Output in High Z 


*WHZ 


- 


25 


- 


30 


- 


35 


ns 


Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 


Refresh Command Delay Time 


*RFD 


70 


- 


80 


- 


90 


- 


ns 


Refresh Precharge Time 


tpp 


40 


- 


40 


- 


40 


- 


ns 


Refresh Command Pulse Width for Automatic 
Refresh 


*FAP 


80n 


8m 


80n 


8m 


80n 


8m 


s 


Automatic Refresh Cycle Time 


*FC 


180 


- 


210 


- 


250 


- 


ns 


Refresh Command Pulse Width for Self Refresh 


'FAS 


8 


- 


8 


- 


8 


- 


MS 


Refresh Reset Time for Self Refresh 


*RFS 


180 


- 


210 


- 


250 


- 


ns 


Refresh Period (512 cycles) 


tREF 


- 


8 


- 


8 


- 


8 


ms 



Notes: 

d) tcHZ' tOHZ an( * *WHZ define the time at which the 
output achieves the open circuit conditions. 

(2) tcLZ> *QLZ anc * tow are sampled under the condition 
of tq> = 5ns and not 100% tested. 

(3) A w rite occurs during the overlap of a low CE and low 
WEl_ 

(4) If CE goe s low simultaneously with WE going low or 
after WE going low, the outputs remain in high im- 
pedance state. 

(5) If input signals of opposite phase to the outputs are 



applied in write cycle, OE or WE must disable output 
buffers prior to applying data to the device and data 
inputs must be floating prior to OE or WE turning on 
output buffers. 

(6) Vjh (min) and Vt^ (max) are reference levels for 
measuring timing or input signals. Also, transition times 
are measured between Vjh and Vj^. 

(7) An initial pause of 100ms is required after power-up 
followed by a minimum of 8 initialization cycles. 
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■ TIMING WAVEFORMS 
• Read Cycle 



CE 
CS 



Address 

Ao— Aib 



\ 



WE 



OE 



IZZZf 

tA 

7ZZf\ 



RFSH 



Dout 



/ \ 



\\\\\\\\\\\\\\\\\\\\\\\ awwv: 



) m>cmmmyyym)(y)()( 7m5(m 



v^^v^^ 



<KX5 



i72L 



^c^ \\\\\\\\\\\\\\\ s ^x^^x 



K \\\\\ 



^alid Data Out 



m 



• Write Cycle-1 (OE Clock) 



CE 
CS 



Address 

Ao~Ai6 



WE 
OE 
RFSH 

Din 

Dout 



M 



izz)r 



mx 



iTTmn ziz/' 



:<zz\- 



tCSH 



k wwwwwwwwwwww ^ss: 



koooooom o o ww^ ^ 



\ 



:^s 



/ 



^5 



tWHZ \ 



w 



^ssss 



\\\\\\\\\\\\\ v 



Val.d ' 
Data in 



> 



ssx: 



sss: 



KWOOMOfr 
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Write Cycle-2 (OE Low Fix) 



CE 



CS 



\ 



7ZD r 



Address VA/u\ r 

A»-Ai«. AAA/ r 



WE 
OE 

KFSH 

Din 

Dout 



tz 



K \\\\\\\\\\\\\\\\\\\\\\\\ 5SS 



- tm^mmvmmmm mz 



\Z=7 



/It/// 't 



|^- 



^X^^X^\\\\\\\\\\\\\\^X^\ 



> 



i MMMMft 



• Automatic Refresh Cycle 

CE _ 



J. 



RKSH 



milium 



//••/>/• 



X 



\ mimm 



• Self Refresh Cycle 

CE 



X 



nren 1111111111 \ 

• CS Standby Mode 



/ 



V 



CE 



CS 



\Wv 



V 



'X~7 



S////////////////////////////77 
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HM50464P Series, 
HM50464CP Series 

65536-word x 4-bit Dynamic Random Access Memory 

■ FEATURES 

• Page mode capability 

• Single 5 V (±10%) 

• On chip substrate bias generator 

• Low power: 350 mW active, 20 mW standby 

• High speed: Access Time 120ns/150ns/200ns 

• Output data controlled by CAS or OE 

• TTL compatible 

• 256 refresh cycles 4 ms 

• 3 variations of refresh RAS only refresh 

CAS before RAS refresh 
H idden refresh 

■ BLOCK DIAGRAM 



I/O I/O I/O I/O 
12 3 4 



CAB- 




HM50464P Series 



4? 



(DP-18) 



HM50464CP Series 



W& 



(CP-18) 



A ~A 7 


Address Inputs 


CAS 


Column Address Strobe 


I/Ol - 
I/04 


Data In/ Data Out 


OE 


Output Enable 


RAS 


Row Address Strobe 


WRITE 


Read/ Write Input 


v C c 


Power (+5V) 


v S s 


Ground 


Ao ~A 7 
(Row) 


Refresh Address Inputs 



PIN ARRANGEMENT 

• HM50464P Series 



oe|T 
i/oi|T 

1/02 [T 

write[T 

RAS[T 
A*\± 
A,[I 
A,|T 
V.. [9 



T7] 1 / 04 

T6JCAS 
T5]l/03 

u]a.» 
hJa, 
u\a> 
TT]a, 
To]a7 



(Top View) 
• HM50464CP Series 



16]CA5 

>]l/03 




(Top View) 
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- HM50464P Series, HM50464CP Series 



■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on any pin relative to V$s 


V T 


-1 to +7 


V 


Supply Voltage relative to V$s 


Vcc 


-lto +7 


V 


Operating Temperature (Ambient) 


Topr 


to +70 


°c 


Storage Temperature (Ambient) 


Tstg 


-55 to +125 


°c 


Power Dissipation 


P T 


1.0 


w 


Short Circuit Output Current 


lout 


50 


mA 



RECOMMENDED DC OPERATING CONDITION (Ta = to +70°C) 



Parameter 


Symbol 


min. 


typ. 


max. 


unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Input High Voltage 


Vm 


2.4 


- 


6.5 


V 


Input Low Voltage 


VlL 


-1.0 


- 


0.8 


V 



Note) All voltage referenced to Vss- 

■ DC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Vss = 0V, Ta = to +70°C) 



Parameter 


Symbol 


HM50464P/CP-I2 


HM50464PCP-I5 


HM50464P/CP-20 


Unit 




min. 


max 


min 


max 


mm. 


max. 




Operating Current (r/?c = min ) 


! CC\ 


- 


83 


- 


70 


- 


55 


mA 


1 


Standby Current (RAS = V m , Dout = Disable) 


! CC2 


- 


45 


- 


4.5 


- 


45 


mA 




Refresh Current (RAS only refresh, tj^Q = min.) 


! CC3 


- 


62 


- 


53 


- 


42 


mA 




Standby Current (RAS = K///. Dout = Enable) 


! CC5 


- 


10 


- 


10 


- 


10 


mA 


1 


Refresh Current (CAS before RAS refresh, t^c = mm.) 


f CC6 


- 


69 


- 


58 


- 


45 


mA 


1 


Operating Current (Page mode, t PC - min ) 


f CCl 


- 


57 


- 


48 


- 


37 


mA 


1 


Input Leakage Current (0 < Vin < 7V) 


Jli 


-10 


10 


-10 


10 


-10 


10 


MA 




Output Leakage Current (0 < Vout < 7V,Dout = Disable) 


'lo 


-10 


10 


-10 


10 


-10 


10 


ma 




Output High Voltage (lout = -5 mA) 


VOH 


2.4 


v C c 


2.4 


vcc 


2.4 


v C c 


V 




Output Low Voltage (lout = 42 mA) 


Vol 





04 





0.4 





0.4 


V 





I 



Notes) 1. Iqc depends on output loading condition when the device is selected, I^c max. is specified at the output open 
condition. 

■ CAPACITANCE (V cc = 5V ± 10%, Ta = 25°C) 



Parameter 


Symbol 


typ. 


max. 


Unit 


Note 


Input Capacitance 


Address 


Cl\ 


- 


5 


PF 


1 


RAS, CAS, WE, OE 


cn 


- 


10 


PF 


1 


Output Capacitance 


Data In/Data Out 


CljO 


- 


10 


PF 


1,2 



Notes) 1 
2 



Capa citance measured with Boonton Meter or effective capacitance measuring method. 
CAS = V IH to disable Dout. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc = 5V ± 10%, Vss = 0V, Ta = to +70°C) 



Parameter 


Symbol 


HM50464P/CP-I2 


HM50464P/CP-15 


HM50464P/CP-20 


Unit 


Note 


min 


max 


min 


max 


mm. 


max. 


Access Time from RAS 


f RAC 


- 


120 


- 


150 


- 


200 


ns 


2.3 


Access Time from CAS 


f CAC 


- 


60 


- 


75 


- 


100 


ns 


3,4 


Output Buffer Turn-off Delay referenced to CAS 


*OFF\ 


- 


30 


- 


40 


- 


50 


ns 


5 


Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 


6 


Random Read or Write Cycle Time 


{ RC 


220 


- 


260 


- 


330 


- 


ns 




RAS Precharge Time 


*RP 


90 


- 


100 


- 


120 


- 


ns 




RAS Pulse Width 


(RAS 


120 


10000 


150 


10000 


200 


10000 


ns 




CAS Pulse Width 


*CAS 


60 


10000 


75 


10000 


100 


10000 


ns 




RAS to CA3 Delay Time 


tRCD 


25 


60 


25 


75 


30 


100 


ns 


7 


RAS Hold Time 


tRSH 


60 


_ 


75 


- 


100 


- 


ns 




CAS Hold Time 


tCSH 


120 


- 


150 


- 


200 


- 


ns 




CAS to RAS Precharge Time 


*CRP 


10 


- 


10 


- 


10 


- 


ns 




Row Address Set-up Time 


f ASR 





- 





- 





- 


ns 




Row Address Hold Time 


l RAH 


15 


- 


15 


- 


20 


- 


ns 





(to be continued) 
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HM50464P Series, HM50464CP Series- 



Parameter 


Symbol 


HM50464P/CP-12 


HM50464P/CP-15 


HM50464P/CP-20 


Unit 




min. 


max. 


min. 


max. 


mm. 


max. 




Column Address Set-up Time 


Use 





- 





- 





- 


ns 




Column Address Hold Time 


*CAH 


20 


- 


25 


- 


30 


- 


ns 




Column Address Hold Time referenced to RAS 


*AR 


80 


- 


100 


- 


130 


- 


ns 




Write Command Set-up Time 


{ WCS 





- 





- 





- 


ns 


8 


Write Command Hold Time 


{ WCH 


40 


- 


45 


- 


55 _j 


- 


ns 




Write Command Hold Time referenced to RAS 


tWCR 


100 


- 


120 


- 


155 


- 


ns 




Write Command Pulse Width 


twp 


40 


- 


45 


- 


55 


- 


ns 




Write Command to RAS Lead Time 


*RWL 


40 


- 


45 


- 


55 


- 


ns 




Write Command to CAS Lead Time 


{ CWL 


40 


- 


45 


- 


55 


- 


ns 




Data-in Set-up Time 


ids 





- 





- 





- 


ns 


9 


Data-in Hold Time 


*DH 


40 


- 


45 


- 


55 


- 


ns 


9 


Data-in Hold Time referenced to RAS 


{ DHR 


100 


- 


120 


- 


155 


- 


ns 




Read Command Set-up Time 


f RCS 





- 





- 





- 


ns 




Read Command Hold Time referenced to CAS 


*RCH 





- 





- 





- 


ns 




Read Command Hold Time referenced to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


ns 




Refresh Period 


*REF 


- 


4 


- 


4 


- 


4 


ms 




Read-Write Cycle Time 


tRWC 


305 


- 


360 


- 


450 


- 


ns 




CAS to WE Delay Time 


*CWD 


100 


- 


125 


- 


160 


- 


ns 


8 


RAS to WE Delay Time 


*RWD 


160 


- 


200 


- 


260 


- 


ns 


8 


CAS Precharge Time 


*CPN 


50 


- 


60 


- 


80 


- 


ns 




CAS Set-up Time (CAS before RAS refresh) 


*CSR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time (CAS before RAS refresh) 


*CHR 


120 


- 


150 


- 


*200 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 





- 





- 





- 


ns 




Access Time from OE 


f OAC 


- 


30 


- 


35 


- 


45 


ns 




Output Buffer Turn-off Delay referenced to OE 


T OFF2 


- 


30 


- 


40 


- 


50 


ns 




OE to Data-in Delay Time 


l ODD 


30 


- 


40 


- 


50 


- 


ns 




OE Hold Time referenced to WRITE 


tOEH 


25 


- 


30 


- 


40 


- 


ns 




Page Mode Cycle Time 


tpc 


120 


- 


145 


- 


190 


- 


ns 




CAS Precharge Time (for Page-mode Cycle Only) 


*CP 


50 


- 


60 


- 


80 


- 


ns 




CAS Read-modify-write Cycle Time (Page-mode) 


*PCM 


205 


- 


245 


- 


310 


- 


ns 





Notes) 

1 . AC measurements assume t t ~ 5ns. 

2. Assume that t R cD ^ *RCD (max). If t RC D is 
greater than the maximum recommended value 
shown in this table, t R Ac exceeds the value shown. 
Measured with a load circuit equivalent to 2TTL 
loads and lOOpF. 

Assumes that t R cD ^ tRCD (max). 
toFF (max) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to output voltage levels. 
Vjh (min) and Vji (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between Vjjj and Vj L . 
Operation with the t R cD (max) limit insures that 
f RAC ( m ax) can be mtX;t R cD (max) is specified as 
a reference point only, if t R co is greater than the 
specified tRCD (max) limit, then access time is 
controlled exclusively be r^vic- 



3. 



6. 



10. 



12. 



t WCS> *CWD an( * * R WD are not restrictive operating 
parameters. They are included in the data sheet as 
electrical characteristics only: if t wes - f WCS (min), 
the cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance) through- 
out the entire cycle; if t^WD ^ *CWD (min) and 
{ R WD ^ *R WD (min), the cycle is a read/write and 
the data output will contain data read from the 
selected cell; if neither of the above sets of condi- 
tions is satisfied, the condition of the data out (at 

access time) is indeterminate. 

These parameters are referenced to CAS leading edge 
in early write cycles and to WE leading edge in 
delayed write or read-modify-write cycles. 
An initial pause of 100 ms is required after power -up 
followed by a minim um of 8 init ialization of cycles. 
Minimum of 8 CAS before RAS refresh is required 

before using internal refresh counter. 

In delayed write or read-modify-write cycles, OE 
must disable output buffers prior to applying data to 
the device. 
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- HM50464P Series, HM50464CP Series 



TIMING WAVEFORMS 
READ CYCLE 



R£5- 



CX3- 



/ — lRP-~ \ 



\ 



Address X ROW ( ^ COLUMN j( 



WRITE 



1 



SE- 



/ VA Lih \ 
V OUTPUT X 



)C 



V 



A 



EARLY WRITE CYCLE 

RA5- 



CA3- 



Address 



3 



\ 



ROW 



o< 



WRITE 



1 



-fois- 



COLUMN 



/wcs 



I/O ) j VALID INPUT )( 



^./ffP—V 



tCAH 



X 



irT 



: Don't care 



I 



* OE : Don't care 

: Don't care 
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HM50464P Series, HM50464CP Series - 
• DELAYED WRITE CYCLE 



X 



tT + 



CAS- 



Address 



d: 



-tRAS- 



-tRCD- 



X / 



ROW 



»tRAH 



:o< 



COLUMN 



K 



tCAH 



WRITE 



L 



-tDHR 



I/O 



j VALID INPUTS 



OE 



7 



-tCWL 

Irwl- 



-twp- 
-Idh- 



t—tRP- 
-tCRP — 



X 



-tCPN- 



X 



■tDS 



■~-tOEH-*» 
t-tODD 



• READ MODIFY WRITE CYCLE 

RAS 



\ 



CA5- 



Address 



z>: 



j \-t RP -^. 



x 



ROW 



WRITE 



OPEN 



o 

tRt 

7 



COLUMN 



~tCAH— 

— tCWD- 



!C 



— ]VALID-j 
OUTPUT 



I/O 



m- 



v^ 



XWL 
tRWL- 






VALID 
IN PUT 



:c 



v 



* I I : Don't care 



Don't care 
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- HM50464P Series, HM50464CP Series 



RAS ONLY REFRESH CYCLE 



CA3- 



\j- tKAS Aj - 



y 



y: 



v 



ROW 



<L 



■\_ 



* OE, WE : Don't care 
Don't care 



HIDDEN REFRESH CYCLE 

RA~5— 



CSS- 



\ 



j/Pwv^ 



\ 



WRITE 



0~E- 



P" 



< 



"X 



>rv. 



lAS/f tff/4/y [ tASC [CAH\ 

Address )(^ ROW ' )fy COLUMN]^" Don't care 



* 



VALID OUTPUT 



■F2-U — - 



I 



Don't care 
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HM50464P Series, HM50464CP Series - 



• CAS BEFORE RAS REFRESH CYCLE 

ESS 



CSS- 



Address- 



>|^f±=H^^K / 



t/fPC 



■y- 



Don't care 



• COUNTER TEST 



KSS 
CSS- 
Address 
WRITE- 



OE 



~Jv ( REFRESH ) ( READ/WRITE )/~ 

tRPC \tCSR 



*s l \- icm - Y £ZZJsr' CAS -Y 



\_ COLUMN )( 



7 ^vzy^ 7 



y^z 



* I I : Don't c 



PAGE MODE READ CYCLE 

WKB 



tr- 



CS5- 



tASK 

Address'^RO 1 



^InF 



WRITE 



K- 



t/fAt — 
•—tCAC—- 



0E- 



a 



3 



¥je\- 



K _^ , ~ "-" s; 



# 



J Valid ' v 

> OlTPl'T f" 



K 



h~/C 4C~ 

OPEN 



KU 



— tlfSH- 
-tCAS 



It 



■Sgu 



'C 






Don't care 
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- HM50464P Series, HM50464CP Series 



PAGE MODE WRITE CYCLE 

KA5 



5 ^ 



CAS- 



yj£\- 



Address MtOW 



vmTE \ 



»3C 



nr^sZZ 



^fcOLUMv/^ 



,cz^ 



-Irsh— 

-tCAS — 



Ote 



,czn 



3 



ton 



SBDC 



~ 



Don't care 



• PAGE MODE READ MODIFY WRITE CYCLE 




* 1 I : Don't c 
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HMS046SP 
HM50465CP Series 

65536-word x 4-bit Dynamic Random Access Memory 

■ FEATURES 

• Nibble mode capability 

• Single 5 V (±10%) 

• On chip substrate bias generator 

• Low power; 350 mW active, 20 mW standby 

• High Speed: Access time 120 ns/150 ns/200 ns (max.) 

• Output data controlled by CAS or OE 

• TTL compatible 

• 256 refresh cycles 4 ms 

• 3 variations of refresh .... RAS only refresh 

CAS before RAS refresh 
Hidden refresh 

■ BLOCK DIAGRAM 



I/O I/O I/O I/O 
12 3 4 



WE— 



ess 

CAS— Clock f 




RAS— 



H M 50465 P Series 



«# 



(DP-18) 



HM50465CP Series 



WF 



(CP-I8) 



rab cab 





■ PIN ARRANGEMENT 


0E 


• HM50465P Series 






OEJT 


KJ 


1?] v^ 


A 
Y 


I/O.jT 




17] 1/04 





1/02 Gl 




J?|CAS 




WRITE (T 




TFJi/Oa 




ras[T 




TTJAo 




AeQt 




iH Al 




As [7 




TJ] A 2 




A.[T 




TT) a 3 




Vcc[~9~ 




To].A7 




(Top View) 






• HM5C 


465CP Series 





Ao ~A 7 


Address Inputs 


CAS 


Column Address Strobe 


I/Ol -I/04 


Data In/ Data Out 


OE 


Output Enable 


RAS 


Row Address Strobe 


WRITE 


Read/Write Input 


Vcc 


Power (+5V) 


Vss 


Ground 


A ~A 7 
(Row) 


Refresh Address Inputs 


Ao, Aj 
(Column) 


Nibble Address Inputs 




(Top View) 
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■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Voltage on any pin relative to V$s 


V T 


-lto +7 


V 


Supply Voltage relative to V$s 


V CC 


-lto +7 


V 


Operating Temperature (Ambient) 


Topr 


to +70 


°c 


Storage Temperature (Ambient) 


Tstg 


-55 to +125 


°c 


Power Dissipation 


P T 


1.0 


w 


Short Circuit Output Current 


lout 


50 


mA 



■ RECOMMENDED DC OPERATING CONDITION (Ta = to +70°C) 



Parameter 


Symbol 


min. 


typ. 


max. 


unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Input High Voltage 


VjH 


2.4 


- 


6.5 


V 


Input Low Voltage 


VlL 


-1.0 


- 


0.8 


V 



Note) All voltage referenced to V^s- 

■ DC ELECTRICAL CHARACTERISTICS (V cc = SW ± 10%, V ss = 0V, Ta = to +70°C) 



Parameter 


Symbol 


HM50465P/CP-I2 


HM50465P/CP-I5 


HM50465P/CP-20 


Unit 




min 


max. 


min. 


max 


min. 


max. 




Operating Current {t^c = min.) 


'cci 


- 


83 


- 


70 


- 


55 


mA 


1 


Standby Current (RAS = V IH , Dout - Disable) 


l CCl 


- 


4.5 


- 


4.5 


- 


4.5 


mA 




Refresh Current (RAS only refresh, tjic = min.) 


I CC3 


- 


62 


- 


53 


- 


42 


mA 




Standby Current (RAS = V m , Dout = Enable) 


! CCS 


- 


10 


- 


10 


- 


10 


mA 


1 


Refresh Current (CAS before RAS refresh, tRC = min ) 


ICC6 


- 


69 


- 


58 


- 


45 


mA 


1 


Operating Current (Nibble mode, tRc = min.) 


f CC& 


- 


57 


- 


48 


- 


37 


mA 


1 


Input Leakage Current (0 < Vm < 7V) 


Ili 


-10 


10 


-10 


10 


-10 


10 


MA 




Output Leakage Current (0 < Vout < 7V, Dout = Disable) 


Ilo 


-10 


10 


-10 


10 


-10 


10 


ma 




Output High Voltage {/out - -5 mA) 


VOH 


2.4 


^CC 


2.4 


V CC 


24 


Vcc 


V 




Output Low Voltage {lout = 42 mA) 


V OL 





04 





0.4 





04 


V 





I 



Note) 1 . I cc depends on output loading condition when the device is selected, I cc max. is specified at the output open 
condition. 



■ CAPACITANCE (Vcc = 5V ± 10%, Ta 


= 25°C) 










Parameter 


Symbol 


typ. 


max. 


Unit 


Note 


Input Capacitance 


Address 


cn 


- 


5 


PF 


1 


RAS, CAS, WE, OE 


cn 


- 


10 


PF 


1 


Output Capacitance 


Data In/Data Out 


Clio 


- 


10 


PF 


1,2 



Notes) 1 . Capa citance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V m to disable Dout. 



■ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc = 5V ± 10%, Vss = 0V, Ta = to +70°C) 




Parameter 


Symbol 


HM50465P/CP-I2 


HM50465P/CP-I5 


HM50465P/CP-20 


Unit 


Note 


min. 


max. 


min. 


max. 


min. 


max. 




Access Time from RAS 


f RAC 


- 


120 


- 


150 


- 


200 


ns 


2,3 


Access Time from CAS 


*CAC 


- 


60 


- 


75 


- 


100 


ns 


3,4 


Output Buffer Turn-off Delay referenced to CAS 


*OFFl 


- 


30 


- 


40 


- 


50 


ns 


5 


Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 


6 


Random Read or Write Cycle Time 


tRC 


220 


- 


260 


- 


330 


- 


ns 




RAS Precharge Time 


tRP 


90 


- 


100 


- 


120 


- 


ns 




RAS Pulse Width 


f RAS 


120 


10000 


150 


10000 


200 


10000 


ns 




CAS Pulse Width 


*CAS 


60 


10000 


75 


10000 


100 


10000 


ns 




RAS to CAS Delay Time 


tRCD 


25 


60 


25 


75 


30 


100 


ns 


7 


R~A3 Hold Time 


*RSH 


60 


- 


75 


- 


100 


- 


ns 




CA5 Hold Time 


tCSH 


120 


- 


150 


- 


200 


- 


ns 




CAS to RAS Precharge Time 


f CRP 


10 


- 


10 


- 


10 


- 


ns 




Row Address Set-up Time 


*ASR 





- 





- 





- 


ns 




Row Address Hold Time 


tRAH 


15 


- 


15 


- 


20 


- 


ns 





(to be continued) 
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HM50465P Series, HM50465CP Series - 





Symbol 


HM50465PCP-I2 


HM50465P 'CP-1 5JHM50465P CP-20 


Unit 


Note 




mm 


max. 


mm 


max 1 mm 


max 


Column Address Set-up Time 


*ASC 





- 





- 





- 


ns 




Column Address Hold Time 


*CAH 


20 


- 


25 


- 


30 


- 


ns 




Column Address Hold Time referenced to RAS 


tAR 


80 


- 


100 


- 


130 


- 


ns 




Write Command Set-up Time 


twcs 





- 





- 





- 


ns 


8 


Write Command Hold Time 


tWCH 


40 


- 


45 


- 


55 


- 


ns 




Write Command Hold Time referenced to RAS 


tWCR 


100 


- 


120 

45 


~ 


155 


- 


ns 




Write Command Pulse Width 


twp 


40 


- 


55 


- 


ns 




Write Command to RAS Lead Time 


f RWL 


40 


- 


45 


- 


55 


- 


ns 




Write Command to CAS Lead Time 


*CWL 


40 


- 


45 


- 


55 


- 


ns 




Data-in Set-up Time 


*DS 





- 





- 





- 


ns 


9 


Data-in Hold Time 


*DH 


40 


- 


45 


- 


55 


- 


ns 


9 


Data-in Hold Time referenced to RAS 


l DHR 


100 


- 


120 


- 


155 


- 


ns 




Read Command Set-up Time 


*RCS 





- 





- 





- 


ns 




Read Command Hold Time referenced to CAS 


f RCH 





- 





- 





- 


ns 




Read Command Hold Time referenced to RAS 


*RRH 


10 


- 


10 


- 


10 


- 


ns 




Refresh Period 


'REF 


- 


4 


- 


4 


- 


4 


ms 




Read-Write Cycle Time 


*RWC 


305 


- 


360 


- 


450 


- 


ns 




CAS to WE Delay 


*CWD 


100 


- 


125 


- 


160 


- 


ns 


8 


RAS to WE Delay 


*RWD 


160 


- 


200 


- 


260 


- 


ns 


8 


CAS Precharge Time 


tCPN 


50 


- 


60 


- 


80 


- 


ns 




CAS set-up Time (CAS before RAS refresh) 


tCSR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time (CAS before RAS refresh) 


l CHR 


120 


- 


150 


- 


200 


- 


ns 




RAS Precharge to CAS Hold Time 


*RPC 





- 





- 





- 


ns 




Access Time from OE 


*OAC 


- 


30 


- 


35 


- 


45 


ns 




Output Buffer Turn-off Delay referenced to OE 


f OFF2 


- 


30 


- 


40 


- 


50 


ns 




OE to Data-in Delay Time 


*ODD 


30 


- 


40 


- 


50 


_ ^ 


ns 




OE Hold Time referenced to WRITE 


{ OEH 


25 


- 


30 


- 


40 


ns 




Nibble Mode Access Time 


l NAC 


- 


30 


- 


35 


- 


45 


ns 




Nibble Mode RAS Cycle Time 


tNRC 


410 


- 


480 


- 


610 




ns 
ns 
ns 




Nibble Mode RAS Pulse Width 


r NRA 


310 


_ ~ 


370 
70 


~ 


480 




Nibble Mode Cycle Time 


l NC 


60 


90 1 - 




Nibble Mode CAS Precharge Time 


l NCP 


20 


- 


25 


- 


35 


- 


hs 




Nibble Mode CAS Pulse Width 


*NCA 


30 


- 


35 


_.- 


45 


- 


ns 




Nibble Mode Write Command Hold Time 


*NWCH 


30 


- 


35 


45 


- 


ns I 


Nibble Mode RAS Hold Time 


*NRSH 


40 


- 


45 
"160 


- 


55 


- 


ns ! 


Nibble Mode Read-Write Cycle Time 


l NRWC 


135 


- 


- 


200 


- 


ns 




Nibble Mode CAS to WE Delay 


*NCWD 


70 


- 


85 


- 


105 


- 


ns 




Nibble Mode Write Command to CAS Lead Time 


l NCWL 
*NWP 


30 
~3~6 


_/ . 


35 
35 


■--:-■ 


45 
~45~~ 


- 


ns 




Nibble Mode Write Command Pulse Width 


- 


ns 





Notes) 

1 . AC measurements assume tT = 5 ns. 

2. Assumes that t^cD = *RCD (max). If tRCD is 
greater than the maximum recommended value 
shown in this table, tR^c exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL 
loads and 100 pF. 

4. Assumes that tRCD = *RCD (max). 

5. tQpp (max) defines the time at which the output 
achieves the open circuit condition and is not re- 
ferenced to output voltage levels. 

6. Vjfj (min) and V/l (max) are reference level for 
measuring timing of input signals. Also, transition 
times are measured between Vm and Vj^. 

7. Operation with the tRCD (max) limit insures that 
t RAC (max) can be met, t^cD (max) is specified as 
a reference point only, if tRCD is greater than the 
specified tgcD (max) limit, then access time is con- 
trolled exclusively be tcAO 



10. 



11. 



12. 



twCS> *CWD an d *RWD are not restrictive operating 
parameters. They are included in the data sheet as 
electrical characteristics only : if t wcs ^ t\\'CS ( min ), 
the cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance) through- 
out the entire cycle; if tcwD ^ *CWD (min) and 
*R WD = tR wd (min), the cycle is a read/write and 
the data output will contain data read from the 
selected cell; if neither of the above sets of condi- 
tions is satisfied, the condition of the data out (at 

access time) is indeterminate. 

These parameters are referenced^ to CAS leading edge 
in early write cycles and to WE leading edge in de- 
layed write on read-modify -write cycles. 
An initial pause of 100 jus is required after power -up 
followed by a minim um of 8 init ialization of cycles. 
Minimum of 8 CAS before RAS refresh is required 

before using internal refresh counter. 

In delayed write or read-modify-write cycles, OE 
must disable output buffers prior to applying data to 
the device. 
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- HM50465P Series, HM50465CP Series 



TIMING WAVEFORMS 
Read Cycle 

RA3- 



CX5- 



Address 



d: 



\ 



ROW 



WRITE 



I 0- 



OE- 



<-tKAH 






-tRSH H 



/W-tRP—- \ 



COLUMN 



i( 




M ttAH 



OPEN 



E 



'a« 



Y 



v output y 



Don 1 1 care 



• Early Write Cycle 



RAS- 



CAS- 



/^-tfir- 



\ 



Address )j ROW j ( ^COLUMN { 



WRITE 



1 



-tRSH- 



/llt * 



/ 



X 



n f 



-//>//#• 



I 



)j VALID INPUT ^ jf 



* OE : Don't care 
I 1 : Don't care 
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HM50465P Series, HM50465CP Series - 
• Delayed Write Cycle 



ESS- 



'st 



CA3- 



Address 



d: 



y+-tR P -*\ 



-tAR 



\^ J" tCPN -\ 



ROW 



*tRAH 



;o: 



■tCSH- 



COLUMN 



K 



WRITE 



-tDHR 



I/O 



J VALID INPUT^ 



OE 



-tCWL 

tRWL- 



-twP- 
-tDH- 



X 



—-tOEH~~- 
*-tODD 



I \ 



e Read Modify Write Cycle 

RA3- 

CA5- 



\ 



Address 



DC 



j^— //?p— \ 



\ J 



ROW 



WRITE 



OPEN 



tR( 

7 



■ Iasc 



COLUMN 



^tcAH*> 
— tCWD- 



IC 



VALID-h 
OUTPUT 



I/O 



tOAC- 



OE- 




w 



-»-tRWL-** 



X 



•—tDH — 

Ins 



VALID 
INPUT 



c 



t 



Don't care 



Don't care 
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• RAS Only Refresh Cycle 

R~A~5- 

CKS- 



10- 



\J- tlf AS *\? m 



tCRP-Ji — •• 



V 



X Row j ( 



OPEN 



* 0E, W E : Don't care 
* I I : Don't care 



• Hidden Refresh Cycle 



RAS- 



CA5- 



\ 



Dp 



^/^t^\ 



\ 



tRAH tASC 



Address X R W 



:x>t 



WRITE 



^ 



■umnX 



COLUMNDC Don't care 



yHK 



< 



0E- 



A 



* 



VALID OUTPUT 






Don't care 



e CAS Before RAS Refresh Cycle 

RAS 



CAS- 



*s^-^p^K /■ 



^; 



3/- 



Don't i 
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HM50465P Series, HM50465CP Series - 
• Counter Test 

HAS 



cab- 



Address 
WRITE- 



OE 



~Jv (REFRESH) (READ WRITE) /~ 






x 



COLUMN 



X 



Don't care 



e Nibble Mode Read Cycle 



F 1D r ~v_/iI/ 




i_,.,.-J\ 



CH- "KT r\ r 



Don't care 



• N ibble Mode Write Cycle 



KA5- 



CA5- 



Address / Row j( \ Column ^ 



^\ / 



/W t //. /lies 






]4*— /#/._J\ 



, ^a rA r 



X '^ K X ^ KX_X-X )C 



* OE : Don't care 

: Don't care 
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Nibble Mode Read Modify Write Cycle 

KfiB — 




] : Don't care 
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262144-word x 1-bit Dynamic Random Access Memory 

■ FEATURES 

• Industry Standard 16-Pin DIP, 18-Pin PLCC, 16-Pin ZIP 

• Single 5V (±10%) 

• On chip substrate bias generator 

• Low Power: 350mW active, 20mW standby 

• Highspeed: Access Time 120ns/150ns/200ns(max.) 

• Common I/O capability using early write operation 

• Page mode capability 

• TTL compatible 

• 256 refresh cycles • • • (4ms) 

• 3 variations of refresh • • • RAS only refresh, CAS before RAS 

refresh, Hidden refresh 



■ PIN ARRANGEMENT 

• HM50256P Series 



• HM50256CP Series 

Din 48 Vss C<\S 



>HM50256ZP Series 






Lead No 






Dout 2 




]„„„ 


\ss 4 
Dm 6 






RAS 8 




> 


A2 10 




]»■ 


Ice 12 
As 14 
As 16 





(Top View) 



(Top View) 



Ao— Ai 


Address Inputs 


CAS 


Column Address Strobe 


Din 


Data In 


Dout 


Data Out 


RAS 


Row Address Strobe 


WE 


Read/Write Input 


Vcc 


Power ( + 5V) 


Vss 


Ground 


Ao~A 7 


Refresh Address Inputs 



I Ae 

3 CAS 
5 As 
7 WE 
9 Ao 

II Ai 
13 A? 
15 A 4 



(Bottom View) 



HM50256P Series 



# 



(DP-16B) 



HM50256CP Series 



^F 



(CP-18) 



HM50256ZP Series 



«t^ 



(ZP-I6) 
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- HM50256P Series, HM50256CP Series, HM50256ZP Series 



I BLOCK DIAGRAM 



Clock 
Generator 



C\S 
Clock 
Generator 



RAS 
Clock 
Generator 



Data-in 
Buffer 



EH 



Main Amps 



Data -Out 
Buffer 



Dout 



Memory 
Arrav 



BE 



ar()-ar7, ac()-ac" 



$ 



Row 
Decoder 



Memor> 
Array 



■ ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to Vss -1V to +7V 

Operating temperature, Ta (Ambient) 0°C to +70°C 

Storage temperature -55°C to +125°C 

Short circuit output current 50mA 

Power dissipation 1W 

■ RECOMMENDED DC OPERATING CONDITIONS (Ta-0 to +70°C) 



I 



Parameter 


Symbol 


min 


typ 


max 


Unit 


Note 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


V IH 


2.4 


- 


6.5 


V 


1 


Input Low Voltage 


V, L 


-1.0 


- 


0.8 


V 


1 



Note) 1 All voltages referenced t 



■ DC ELECTRICAL CHARACTERISTICS (Ta=Q to 4-70°C, 


Kx-5V±10%, Vss 


-0V) 








Parameter 


Symbol 


HM50256-12 


HM50256-15 


HM50256-20 


Unit 


Notes 


mm 


max 


mm 


max 


mm 


max 


Operating Current(RAS, CAS Cycling : t«c — min) 


/cci 


- 


83 


- 


70 


- 


55 


mA 


1 


Standby Current(RAS— Vih, Dout — High Impedance) 


Icct 


- 


4.5 


- 


4.5 


- 


4.5 


mA 




Refresh Current(RAS only Refresh, f*c — min) 


iCC3 


- 


62 


- 


53 


- 


42 


mA 




Standby Current(RAS- V,„, Dout Enable) 


lea 


- 


10 


- 


10 


- 


10 


mA 


1 


Refresh Current(CAS before RAS Refresh, /«c"-min) 


Icct 


- 


69 


- 


58 


- 


45 


mA 




Page Mode Supply Current ( RAS = Vil, CAS Cycling, tpc = nun) 


hi 7 


- 


57 


- 


48 


- 


37 


mA 




Input leakage(0<V.. <7V) 


Iu 


-10 


10 


-10 


10 


-10 


10 


/iA 




Output leakage(0< V..,<7V, Dout = Disable) 


Ilo 


-10 


10 


-10 


10 


-10 


10 


M 




Output levels High(/.„- -5mA) 


VOH 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output levels Low(J„,-4.2mA) 


Vol 





0.4 





0.4 





0.4 


V 





Notes) 1 lec depends on output loading condition when the device is selected Ice max is specified at the output open condition 
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HM50256P Series, HM50256CP Series, HM50256ZP Series 



ICAPACITANCE (V CC -5V±10%, Ta-25'C) 



Parameter 


Symbol 


typ 


max 


Unit 


Notes 


Input Capacitance 


Address, Data-in 


C„ 


- 


5 


P F 


1 


Clocks 


Cn 


- 


7 


1. 2 


Output Capacitance 


Data-out 


Co 


- 


7 


1, 2 



Notes) 1 . Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS- V m to disable Dout. 



I ELECTRICAL CHARACTERISTICS AND 

(Ta-0 to +70°C, Vcc-5V±10%, Vss-OV) 



RECOMMENDED AC 

1). 10). 11) 



OPERATING CONDITIONS 



Parameter 


Symbol 


HM50256-12 


HM50256-15 


HM50256-20 


Unit 


Notes 


mm 


max 


mm 


max 


mm 


max 


Random Read or Write Cycle Time 


tRC 


220 


- 


260 


- 


330 


- 


ns 




Read-Write Cycle Time 


tm\L 


265 


- 


310 


- 


390 


- 


ns 




RATto CAT Delay Time 


tKCI) 


25 


60 


25 


75 


30 


100 


ns 


7 


Access Time from RAS 


//M( 


- 


120 


- 


150 


- 


200 


ns 


2,3 


Access Time from CAS 


/(4< 


- 


60 


- 


75 


- 


100 


ns 


3,4 


Output Buffer Turn-off Delay 


ton- 


- 


30 


- 


40 


- 


50 


ns 


5 


Transition Time (Rise and Fall) 


tl 


3 


50 


3 


50 


3 


50 


ns 


6 


RAS Precharge Time 


tHI- 


90 


- 


100 


- 


120 


- 


ns 




RAT Pulse Width 


/«4s 


120 


10000 


150 


10000 


200 


10000 


ns 




RAT Hold Time 


tfi^H 


60 


- 


75 


- 


100 


- 


ns 




CATHold Time 


toH 


120 


- 


150 


- 


200 


- 


ns 




CATPulse Width 


ti 4. 


60 


10000 


75 


10000 


100 


10000 


ns 




CAS to RAS" Precharge Time 


/( Kl> 


10 


- 


10 


_ 


10 


- 


ns 




Row Address Set-up Time 


/4->K 










- 





- 


ns 




Row Address Hold Time 


tHAH 


15 


- 


15 


- 


20 


- 


ns 




Column Address Set-up Time 


/4->C 





- 





- 





- 


ns 




Column Address Hold Time 


ti \H 


20 


_ 


25 


- 


30 


- 


ns 




Column Address Hold Time referenced to RAS 


t*K 


80 


-- 


100 


- 


130 


- 


ns 




Read Command Set-up Time 


//Us 





- 





- 





- 


ns 




Read Command Hold Time referenced to CAS 


tRLH 





- 





- 





- 


ns 




Write Command Set-up Time 


t\\ls 





- 





- 







ns 


8 


Write Command Hold Time 


/it ( // 


40 


- 


45 


- 


55 


- 


ns 




Write Command Hold Time referenced to RAS 


/tl( R 


100 


- 


120 


- 


155 


- 


ns 




Write Command Pulse Width 


/»/• 


40 


- 


45 


- 


55 




ns 




Write Command to RAS Lead Time 


/kii / 


40 




45 




55 


- 


ns 




Write Command to CAS Lead Time 


tew 1. 


40 


- 


45 


- 


55 


- 


ns 




Data-in Set-up Time 


/#» 





- 





- 





- 


ns 


9 


Data-in Hold Time 


tl)H 


40 


- 


45 


- 


55 


- 


ns 


8,9 


Data-in Hold Time referenced to RAS 


tDHR 


100 


_ 


120 


- 


155 




ns 




R/Tto WE Delay 


f«HD 


120 


- 


150 


- 


200 


- 


ns 




CAS to WE Delay 


tcWD 


60 




75 


- 


100 


- 


ns 


8 


Page Mode Read or Write Cycle 


tpc 


120 




145 




190 




ns 




Page Mode Read Modify Write Cycle 


tpCM 


165 


- 


195 




250 


- 


ns 




CAS Precharge Time, Page Cycle 


tcp 


50 


- 


60 


- 


80 




ns 




Read Command Hold Time referenced to RAS 


tRRH 


10 




10 




10 




ns 




Refresh Period 


/«/■/• 




4 




4 


- 


4 


ms 




CAS Set-up Time 


/( ->« 


10 


- 


10 


- 


10 




ns 




CATHold Time (CAS" before RAT Refresh) 


ti UK 


120 




150 


-- 


200 


- 


ns 




RAT Precharge to CATHold Time 


tHI'l 





- 





- 





- 


ns 
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Notes 
1. AC measurements assume t? = 5ns. 

Assumes that t RCD g t RCD (max). If t R co »« greater 

than the maximum recommended value shown in this 

table, tRAC excee &* tnc value shown. 

Measured with a load circuit equivalent to 2TTL loads 

and lOOpF. 

Assumes that tRCD^tRCD (max). 

toFF (max) defines the time at which the output 

achieves the open circuit condition and output voltage 

levels are not referred. 

Vjff (min) and Vji (max) are reference levels for 

measuring timing of input signals. Also, transition 

times are measured between Vj H and V JL . 

Operation with the t R £ D (max) limit insures that 

f RAC (max) can be met, t R £ D (max) is specified as a 

reference point only; if t R cD is greater than the 

specified t R cD (max) limit, access time is controlled 

exclusively by tc Ac . 



2. 



4. 
5. 



6. 



10. 



11. 



f WCS* l CWD and t R wn are not restrictive operating 
parameters. 

They are included in the data sheet as electrical 
characteristics only; if twcs ^t^cs (mm), the cycle 
is an early write cycle and the data output pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if t CWD ^ t CWD (min) and t RWD £ 
*R WD (min), the cycle is a read-write and the data 
output will contain data read from the selected celt; if 
neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeter- 
minate. 

These parameters are refer ence d to CAS leading edge 

m early write cycles and to WE leading edge in delayed 

write or read-modify-write cycles. 

An initial pause of 100ms is required after power-up 

then execu te at least 8 initia lization cycles. 

At least, 8 CAS before RAS refesh cycles are required 

before using internal refresh counter. 



I 



■ TIMING WAVEFORMS 
•READ CYCLE 






: r^f 



/' 



K 



High Impedaiu 



<; 



> 
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HM50256P Series, HM50256CP Series, HM50256ZP Series 
• WRITE CYCLE 



"rTs 



CAS" 



\ 



' css \y r ^w 



xx 



^l=K 



x 



^ZEEZK 



High Impedance 



• READ MODIFY WRITE CYCLE 



ITS? 



~CKZ 



\: 






\ 



tKAM tA 



IX 



X 



:A — K 



V 



(..Ijimn 
\ddr-'--. 



WRITE 



-\ -y 



X~ K 



-<r*r •• 



High Impedance 



<^ \dl.H Da, a I ^> 
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• RAS ONLY REFRESH CYCLE 



\ 



=F 



rT\ 



X 



yi Row Address j\ 



♦ Refresh Address \o-A? WWo-AX?) 
High Impedance 



X 



• HIDDEN REFRESH CYCLE 



.:* 



\ 



Row 
Add 



X 



7 



& f\ 



IRAS I I IRF IHAi> ^ ■ (m . [HP , 

Read) L " \ (Refresh) . Sfr . (Refresh) 7 "J 



\ alid Data 

— ss 



r 



l 



;oc 



T 



• CAS BEFORE RAS REFRESH CYCLE 



/ x 




F^C 



r 



/ 
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HM50256P Series, HM50256CP Series, HM50256ZP Series 
• COUNTER TEST 







^U (Refr 






/ 


tKPC , tCSH 


es,h) (Read/Write) / 






tCHK 


m ICP _ ttAi 




1 


-,* 




>c 




s 


* "\ 


t 








ASC 












tCAH 






it 1 X (A8) X 


\3 Column \Y 

/I K Address -, \ 










/HCH 


tktH 




l»Ci 


" tUH 


RRH 




* 








". 


\ / 




Dotted line mea 


ns read cvcle 




tK 









• PAGE MODE READ CYCLE 



>Hr7\ 



~^ C Ro* *Kl C 



¥ 



K 



X 



r-^ 



JOt 



M 



xz 



X 



^ 



7 C \alid \ / \alid \ c t 1 L \alid \ 

^ Data / \ Data / ^ ) ^- Data / 
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• PAGE MODE WRITE CYCLE 




XT^ry y v.i,d v B \ £ ~^"~y 



• PAGE MODE READ MODIFY WRITE CYCLE 




s 



y~v_y~*~\_/~Y 



7 



\ 



,J 






C^s. 



jr^^z 



A ^ A / j f *" ft . B A »■» A 



> \al.d 

^ r Data 



> — r^T Mv-orv 
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HM50257P Series, 



n 



2621 44- word x 1 -bit Dynamic Random Access Memory 

■ FEATURES 

• Industry standard 16-pin DIP, 18-pin PLCC, 16-Pin ZIP 

• Single 5V (±10%) 

• On chip substrate bias generator 

• Low Power: 350m W active, 20mW standby 

• Highspeed: Access Time 1 20ns/1 50ns/200ns (max.) 

• Common I/O capability using early write operation 

• Nibble mode capability 

• TTL compatible 

• 256 refresh cycles (4ms) 

• 3 Variations of refresh; RAS only refresh, CAS before RAS 

refresh, Hidden refresh 



■ PIN ARRANGEMENT 

• HM50257P Series • HM50257CP Series #HM50257ZP Series 

-\ J ' ' '1 Din As Vss CAS 




(Top View) 



Ao~A» 


Address Inputs ' 


CAT 


Column Address Strobe 


Din 


Data In 


Dout 


Data Out 


RAS 


Row Address Strobe 


WE 


Read/Write Input 


Vcc 


Power ( + 5V) 


Vss 


Ground 


Ao~Ar 


Refresh Address Inputs 



HM50257P Series 



# 



(DP-16B) 



HM50257CP Series 



(CP-18) 
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I BLOCK DIAGRAM 



m. 

Clock 
Generator 



C~AS< 



CAS 
Clock 
Generator 



RAS" 
RASo- Clock 





1 r- 


Aio- 




A70- 
Aoo- 


Address 
Buffers 



J ar«ac8 



Data-in ~~ Shift reg & Switches — 
Buffer 



Main Amps 



Data-Out 
Buffer 



M 




< 


L. <3 


„ 


8* 


Memory ^ 


t ug Memory 


Array w c 


„. Array 


E 


§ §■ 




3 < 


!/5 


5 I 


Row 
Decoder 


s 1 I * Decoder 





\ " 


c 1 


i 9 


Memory * C 


1 * Memory 


sduj 

< 


3 „ Array 
I t 




9 < 


«. <- 


■> «. 


J7 


11 



arO-ar7.ac()-ac7 



■ ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to Vss -1 V to +7V 

Operating temperature, Ta (Ambient) 0°C to +70°C 

Storage temperature -55°C to +125°C 

Short circuit output current 50mA 

Power dissipation 1 W 

■ RECOMMENDED DC OPERATING CONDITIONS (7a = to +70 'O 



I 



Parameter 


Symbol 


min 


typ 


max 


Unit 


Note 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


VlH 


2.4 


- 


6.5 


V 


1 


Input Low Voltage 


VlL 


-1.0 


- 


0.8 


V 


1 



Note 1) AD voltages referenced to Vss. 



■ DC ELECTRICAL CHARACTERISTICS (Ta = 


to +70°C, 


/cc = 5V±10%, Vss-QV) 




Parameter 


Symbol 


HM50257-12 


HM50257-15 


HM50257-20 


Unit 


Notes 


min 


max 


mm 


max 


min 


max 


Operating Current (RAS, CAS Cycling: t«c — min) 


Ice . 


- 


83 


- 


70 


- 


55 


mA 


1 


Stand by Current (RAS— Vm, Dout — High Impedance) 


Ice 2 


- 


4.5 


- 


4.5 


~ 


4.5 


mA 




Refresh Current (RAS only Refresh, t«c-min) 


/CC3 


- 


62 


- 


53 


- 


42 


mA 




Standby Current (RAS- Vm, Dout Enable) 


/ccs 


- 


10 


- 


10 


- 


10 


mA 


1 


Refresh Current (CAS before RAS Refresh, l«c-mm) 


/cc. 


- 


69 


- 


58 


- 


45 


mA 




Nibble Mode Supply Current (RAS= Vil, CAS Cycling, /vc=min) 


/tc8 


- 


57 


- 


48 


- 


37 


mA 




Input leakage (0<V,*<7V) 


hi 


-10 


10 


-10 


10 


-10 


10 


M 




Output leakage (0< V„,<7V, Dout = Disable) 


ho 


-10 


10 


-10 


10 


-10 


10 


M 




Output levels High(/.„ 5mA) 


VoH 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output levels Low (/.„-4.2mA) 


Vol 





0.4 





0.4 





0.4 


V 





Notes) 1 lec depends on output loading condition when the device is selected Ice max, is specified at the output open condition 
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HM50257P Series, HM50257CP Series, HM50257ZP Series 



■ CAPACITANCE 


(Kcc = 5V±10%, 7a = 25°C) 












Parameter 


Symbol 


typ 


max 


Unit 


Notes 


Input Capacitance 


Address, Data-in 


C/, 


- 


5 


pF 


1 


Clocks 


Cn 


- 


7 


1, 2 


Output Capacitance 


Data -Out 


a 


- 


7 


1, 2 



Notes) 1 Capa citance measured with Boonton Meter or effective capacit 
2 CAS- V,h to disable Dout 



; measuring method. 



I ELECTRICAL CHARACTERISTICS AND RECOMMENDED 

(Ta = to +70'C, y C c = 5V±10%, V ss -0V) "• ,0) - n) 



AC OPERATING CONDITIONS 



Parameter 


Symbol 


HM50257-12 


HM50257-15 


HM50257-20 


Unit 


Notes 


mm 


max 


mm 


max 


mm 


max 


Random Read or Write Cycle Time 


tRC 


220 


- 


260 


- 


330 


- 


ns 




Read-Write Cycle Time 


tRWl 


265 


- 


310 


- 


390 


- 


ns 




RAT to CAS" Delay Time 


tn< i) 


25 


60 


25 


75 


30 


100 


ns 


7 


Access Time from RAS 


tRAC 


- 


120 


- 


150 


- 


200 


ns 


2,3 


Access Time from CAS 


tCAC 


- 


60 


- 


75 


- 


100 


ns 


3,4 


Output Buffer Turn-off Delay- 


tohh 


- 


30 


- 


40 


- 


50 


ns 


5 


Transition Time (Rice and Fall) 


tr 


3 


50 


3 


50 


3 


50 


ns 


6 


RAS Precharge Time 


tRV 


90 


- 


100 


- 


120 


- 


ns 




RAT Pulse Width 


tR\$ 


120 


10000 


150 


10000 


200 


10000 


ns 




RAS" Hold Time 


/«■>// 


60 


- 


75 


- 


100 


- 


ns 




CAS Hold Time 


ttsH 


120 


- 


150 


- 


200 


- 


ns 




CAS Pulse Width 


/C4S 


60 


10000 


75 


10000 


100 


10000 


ns 




CAS'to RAS Precharge Time 


tCRI' 


10 


-- 


10 


- 


10 


- 


ns 




Row Address Set-up Time 


t\SR 





- 





- 





- 


ns 




Row Address Hold Time 


(rah 


15 




15 


- 


20 


- 


ns 




Column Address Set-up Time 


tA^i 





_ 





- 





- 


ns 




Column Address Hold Time 


t( AH 


20 


- 


25 


- 


30 


- 


ns 




Column Address Hold Time referenced to RAS 


tAR 


80 


- 


100 


- 


130 


- 


ns 




Read Command Set-up Time 


/«(S 





- 





- 





- 


ns 




Read Command Hold Time referenced to CAS 


tKlH 





- 





- 





- 


ns 




Write Command Set-up Time 


Ait, 





- 





- 





- 


ns 


8 


Write Command Hold Time 


t\\ ( II 


40 


- 


45 


- 


55 


- 


ns 




Write Command Hold Time referenced to RAS 


/ll(« 


100 


- 


120 


- 


155 


- 


ns 




Rnte Command Pulse Width 


/■!/• 


40 


- 


45 




55 


- 


ns 




Write Command to RAS Lead Time 


tRWl 


40 


- 


45 


- 


55 


- 


ns 




Write Command to CAS Lead Time 


/( II /. 


40 


- 


45 


- 


55 


- 


ns 




Data-in Set-up Time 


tl>>> 





- 





- 





- 


ns 


9 


Data-in Hold Time 


tl)H 


40 


- 


45 


- 


55 


- 


ns 


8,9 


Data-in Hold Time referenced to RAS 


tl)HR 


100 


- 


120 


- 


155 


- 


ns 




RAS to WE Delay 


/Kit 1) 


120 


- 


150 


- 


200 


- 


ns 




CAS to WE Delay 


t( W l, 


60 


- 


75 


- 


100 


- 


ns 


8 


Read Command Hold Time referenced to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


ns 




Refresh Period 


tRI h 


- 


4 


- 


4 


- 


4 


ms 




CAS Setup Time 


tl ^R 


10 




10 


- 


10 


- 


ns 




CAS" Hold Time (CAS" before RAS Refresh) 


tl HR 


120 


- 


150 


- 


200 


- 


ns 




RAS Precharge to CAS" Hold Time 


tKI'l 





- 





- 





- 


ns 




Nibble Mode Access Time 


t\Al 


- 


25 


- 


25 


- 


35 


ns 




Nibble Mode RAS Cycle Time 


t\R( 


390 


- 


460 


- 


590 


- 


ns 




Nibble Mode RAS Pulse Width 


t\RA 


290 


- 


350 


- 


460 


- 


ns 




Nibble Mode Cycle Time 


t\l 


55 


_ 


60 


- 


80 


- 


ns 




Nibble Mode CAS Precharge Time 


t\ll> 


20 


- 


25 


- 


35 


- 


ns 




Nibble Mode CAS Pulse Width 


tu A 


25 


- 


25 


- 


35 


- 


ns 





(to be continued ) 
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Parameter 


Symbol 


HM50257-12 


HM50257-15 


HM50257-20 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


Nibble Mode RAT Hold Time 


tMOH 


40 


- 


45 


- 


• 55 


- 


ns 




Nibble Mode CAS~to WE Delay 


/\( ii« 


20 




25 


- 


35 


- 


ns 




Nibble Mode Write Command to CAS Lead Time 


t\L\\L 


20 


-- 


25 


- 


35 


- 


ns 




Nibble Mode Write Command to RAS Lead Time 


t\R\\ I. 


40 


- 


45 


- 


55 


- 


ns 




Nibble Mode Write Command Pulse Width 


/Ml/' 


20 


- 


25 


- 


35 


- 


ns 




Nibble Mode Read/Write Cycle Time 


t.\R\\t 


75 


- 


90 


- 


120 


- 


ns 




Nibble Mode Read/Write CAS Pulse Width 


t\LA!> 


45 


- 


55 


-- 


75 


-- 


ns 





Notes 

1. AC measurements assume tj = 5ns. 

2. Assumes that f/?C£> ^ *RCD (max). If Ircd is greater 
than the maximum recommended value shown in this 
table, f/M C exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads 
and lOOpF. 

Assumes that 0?CD^ r J?CD (max). 
t OFF (max) defines the time at which the output 
achieves the open circuit condition and output voltage 
levels are not referred. 

Vjff (min) and Vji (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between Vj H and Vj^. 
Operation with the f#cD (max) limit insures that 
*RAC (max) can be met, tp^cD (max) is specified as a 
reference point only; if f^cD k greater than the 
specified fRCD (max) limit, access time is controlled 
exclusively by tcAC- 



4. 
5. 



6. 



7. 



10. 



11. 



*WCS> f CWD a*" 1 f RWD are not restrictive operating 
parameters. 

They are included in the data sheet as electrical 
characteristics only; if f^CS ^twcs (min), the cycle 
is an early write cycle and the data output pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if t CWD £ t CWD (min) and t RWD ^ 
*R WD (min), the cycle is a read-write and the data 
output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeter- 
minate. 

These parameters are refer ence d to CAS leading edge 

in early write cycles and to WE leading edge in delayed 

write or read-modify-write cycles. 

An initial pause of 100/iS is required after power-up 

then excute at le ast 8 in itializ ation cycles. 

At least, 8 CAS before RAS refresh cycle are required 

before using internal refresh counter. 
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■ TIMING WAVEFORMS 
• READ CYCLE 



Idress ^3 r U 



A X^r 



K 



7 



<; 



> 



HITACHI 

Hitachi America Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 • (408)435-8300 



327 



HM50257P Series, HM50257CP Series, HM50257ZP Series 



• WRITE CYCLE 



TfAS 



\: 



CAS 



•ess ^} r |W 

A Wr ~ 



;o: 






-tKWL- 



X 



EZEEZX 



High Impedance 



• READ MODIFY WRITE CYCLE 



'st 



CT5" 



•ess \v»~R,,w 



\ 



t»4« tA 



XX 



X 



-/t-—, — 4\ 



=/ 



WRITE 



31 



-\ ~-»>-*Y 



K 



f*t tCAC- 



High Impedance 



<Q \dl.H lldid • ^> 
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HM50257P Series, HM50257CP Series, HM50257ZP Series 
• RAS ONLY REFRESH CYCLE 



\ 



,>T\ 



\ 



\ Row Addn^ ^ 



X 



♦ Refresh Address •Vj-A? (A\o-A\?) 
High Impedance 



• HIDDEN REFRESH CYCLE 



■ M IRAS m I I IKP . IRAS , l -t IRAS m \ I t m .\ 

^ (Read) (^ ^ (Refresh) . $$ . (Refresh) ^ "A 



\ 



.XSK 



y 



Col 
Add 



X 



< 



\ alul Data 
tt 



'J 



;oc 



\ 



> 



• CAS BEFORE RAS REFRESH CYCLE 



/ \ 



\ 



F=^ 



y 



/ 
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• COUNTER TEST 



/ 'v 



/ 



N . P X 



XZ3CZZX 



Column 
Address 



Dotted line means read cvcle 



X 



7*CZZ3 



Jf 



• NIBBLE MODE READ CYCLE 










Ji c Data ^ ^ Ddid/ VUdtdT \ Hdta / 
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HM50257P Series, HM50257CP Series, HM50257ZP Series 
• NIBBLE MODE WRITE CYCLE 



ra5 



:r% 







X Valid J ^/ \j C Valid 2 y\/ Vahd \/\/ V~ahd SS~ 

. Data A A Data f \ A Data AA l)ai - A 



• NIBBLE MODE READ MODIFY WRITE CYCLE 



\ 



,.:x 



tRCD /C/t: 



K 



U'T/W 



X 






^ 



YjT^^- 



V \ai,d V Nj^T^rv k^t^V \T~^~Y~ 

^ Data" j \ / ^ Data j ^ J \ Dau ^ y \ Data J \ 



C Valid \ > L Valid \ / Valid \ / \ alui \_ 

Data J S : Data J \ Data J \ Paid J~ 
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HMS12S6P Series 



Preliminary 



2621 44- word X 1 -bit CMOS Dynamic Random Access Memory 

■ FEATURE 

• 262, 144 word x 1 bit DRAM 

• Plastic 16 pin DIP & 18 pin PLCC 

• Double layer Poly-Si/Policide Process, high performance CMOS 

• Power supply voltage: 5V ± 10% 

• Access time 

Row access time: 10071207150ns 
Address access time: 45/55/70ns 

• Cycle time 

Random read/write cycle time: 180/210/250ns 
High speed page mode cycle time: 55/65/80ns 

• Lower power 

Standby: 11mW 
Active: 330/275/220mW 

• Input and output: TTL compatible 

• Refresh: 256 cycles/4ms 

• Refresh function: RAS only refresh, CAS before RAS refresh, 

Hidden refresh 

• High speed page mode capability 

• Edge trigg ered write capability 

• Fast CAS output control 



■ ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to Vss -IV to +7V 

Operating temperature, Ta (Ambient) 0°C to +70° C 

Storage temperature -55°Cto +125°C 

Short circuit output current 50mA 

Power dissipation 1 W 



Ao~A, 


Address Inputs 


CAS 


Column Address Strobe 


Din 


Data In 


Dout 


Data Out 


RAS 


Row Address Strobe 


WE 


Read/Write Input 


Vcc 


Power ( + 5V) 


V ss 


Ground 


Ao~A? 


Refresh Address Inputs 



Note) 



The specifications of this device are subject to 
change without notice. 

Please contact your nearest Hitachi's Sales Dept. 
regarding specifications. 



HM5 1 25 6P Series 




(DP-16B) 



HM51256CP Series 



«0> 



(CP-18) 



■ PIN ARRANGEMENT 

• HM51256P Series 




(Top View) 
HM51256CP Series 



Din As Vss CAS 

xnn n n 



WE[ 3 

NC [ =5 

Ao[ 6 

A? [ 7 



8 9 10 11 

uuuu 

Ai Vcc \i As 

(Top View) 



16 iDout 
15] A. 

]nc 

]a, 
JA. 
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-HM51256P Series, HM51256CP Series 



I BLOCK DIAGRAM 



R/W Clock 
Generator 



CAS Clock 
Generator 



WK5 Clock 
Generator 



Refresh 
Control 



Address 
Counter 



Address 
Buffer 



Data out 
Buffer 



Column 
Address 
Buffer 



Memory Array 
262,144bits 



■ RECOMMENDED DC OPERATING CONDITIONS (Ta = to +70 C) 



I 



Parameter 


Symbol 


min 


typ 


max 


Unit 


Note 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


V IH 


2.4 


- 


6.5 


V 


1 


Input Low Voltage 


V,i 


-1.0 


- 


0.8 


V 


1 



Note) 1. All voltages referenced to V%s 



■ DC ELECTRICAL CHARACTERISTICS (Ta = 


to +70°C, 


^cc = 5V±10%, V ss = 0V) 




Parameter 


Symbol 


HM51256P/CP-10 


HM51256P/CP-12 


HM51256P/CP-15 


Unit 


Notes 


mm 


max 


mm 


max 


mm 


max 


Operating Current (RAS, CAS Cycling: /«c = min) 


hex 


- 


60 


- 


50 


- 


40 


mA 


1 


Standby Current (RAS=*V/«, Dout = High Impedance) 


ICC 2 


- 


2 


- 


2 


- 


2 


mA 




Refresh Current (RAS only Refresh, tuc-min) 


/CC3 


- 


60 


- 


50 


- 


40 


mA 




Standby Current (RAS- V,«, Dout Enable) 


/CC4 


- 


6 


- 


6 


- 


6 


mA 


1 


Refresh Current (CAS before RAS Refresh, f/jc = min) 


Ices 


- 


55 


- 


45 


- 


35 


mA 




Page Mode Supply Current (RAS= Vil, CAS Cycling, tpc =min.) 


ICC6 


- 


60 


- 


50 


- 


40 


mA 




Input leakage (0<V,u<7V) 


h, 


-10 


10 


-10 


10 


-10 


10 


M 




Output leakage (0< V..,< 7 V, Dout = Disable ) 


ho 


-10 


10 


-10 


10 


-10 


10 


M 




Output levels High (/..,- -5mA) 


VoH 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Output levels Low (/..,- 4. 2mA) 


Vol 





0.4 





0.4 





0.4 


V 





: depends on output loading condition when the device is selected Ice max, is specified at the output open condition 



ICAPACITANCE ( V r cc = 5V±10%, ra=25 e C) 



Parameter 


Symbol 


typ 


max 


Unit 


Notes 


Input Capacitance 


Address, Data-in 


Cn 


- 


5 


pF 


1 


Clocks 


Cn 


- 


7 


1 


Output Capacitance 


Data-out 


G 


- 


7 


1, 2 



Notes) 1 . Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS- V, H to disable Dout. 
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HM51256P Series, HM51256CP Series - 



■ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

{Ta=Q to +70°C, Vcc = 5V± 10% , Vss = 0V) 
• Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameter) 



Parameter 


Symbol 


HM51256P/CP-10 


HM51256P/CP-12 


HM51256P/CP-15 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


Random Read or Write Cycle Time 


tRC 


180 


- 


210 


- 


250 


- 


ns 




RAS Precharge Time 


tRP 


70 


- 


80 


- 


90 


- 


ns 




RAS Pulse Width 


tRAS 


65 


10000 


75 


10000 


95 


10000 


ns 




CAS Pulse Width 


tCAS 


25 


- 


30 


- 


35 


- 


ns 




Column Address Set-up Time 


tASC 





- 





- 





- 


ns 




Column Address Hold Time 


tCAH 


20 


- 


25 


- 


30 


- 


ns 




Column Address Hold Time to RAS 


tAR 


75 


- 


90 


- 


110 


- 


ns 




RAS to CAS Delay Time 


tRCD 


25 


75 


25 


90 


30 


115 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


20 


55 


20 


65 


25 


80 


ns 


9 


RAS Hold Time 


tRSH 


25 


- 


30 


- 


35 


- 


ns 




CAS Hold Time 


tcSH 


100 


- 


120 


- 


150 


- 


ns 




CAS to RAS Precharge Time 


tcRP 


10 


- 


10 


- 


10 


- 


ns 




Row Address Set-up Time 


tASR 





- 





- 





- 


ns 




Row Address Hold Time 


tRAH 


15 


- 


15 


- 


20 


- 


ns 




Transition Time (Rise and Fall) 


tT 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


- 


4 


- 


4 


- 


4 


ms 




• Read Cycle 


Parameter 


Symbol 


HM51256P/CP-10 


HM51256P/CP-12 


HM51256P/CP15 


Unit 


Notes 


mm 


max 


min 


max 


mm 


max 


Access Time from RAS 


tRAC 


- 


100 


- 


120 


- 


150 


ns 


2,3 


Access Time from CAS 


tCAC 


- 


25 


- 


30 


- 


35 


ns 


3,4 


Access Time from Address 


tAA 


- 


45 


- 


55 


- 


70 


ns 


3, 5, 14 


Read Command Set-up Time 


tRCS 





- 





- 





- 


ns 




Read Command Hold Time to CAS ) 


tRCH 





- 





- 





- 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


ns 




Column Address to RAS Lead Time 


tRAL 


45 


- 


55 


- 


70 


- 


ns 




Output Buffer Turn-off Time 


toFF 





25 





30 





35 


ns 


6 


• Write Cycle 


Parameter 


Symbol 


HM51256P/CP-10 


HM51256P/CP-12 


HM51256P/CP-15 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


Write Command Set-up Time 


twcs 





- 





- 





- 


ns 


10 


Write Command Hold Time 


twCH 


25 


- 


30 


- 


35 


- 


ns 




Write Command Hold Time to RAS 


twCR 


80 


- 


95 


- 


115 


- 


ns 




Write Command Pulse Width 


twp 


20 


- 


25 


- 


30 


- 


ns 




Write Command to RAS Lead Time 


tRWL 


25 


- 


30 


- 


35 


- 


ns 




Write Command to CAS Lead Time 


tcWL 


25 


- 


30 


- 


35 


- 


ns 




Data-in Set-up Time 


tDS 





- 





- 





- 


ns 


11 


Data-in Hold Time 


tDH 


20 


- 


25 


- 


30 


- 


ns 


10,11 


Data-in Hold Time to RAS 


tDHR 


75 


- 


90 


- 


110 


- 


ns 




• Read-Modify- Write Cycle 


Parameter 


Symbol 


HM51256P/CP-10 


HM51256P/CP-12 


HM51256P/CP-15 


Unit 


Notes 


min 


max 


mm 


max 


min 


max 


Read- Write Cycle Time 


tRWC 


210 


- 


245 


- 


290 


- 


ns 




RAS to WE Delay Time 


tRWD 


100 


- 


120 


- 


150 


- 


ns 


10 


CAS to WE Delay Time 


tcWD 


25 


- 


30 


- 


35 


- 


ns 


10 


Column Address to WE Delay Time 


tAWD 


45 


- 


55 


- 


70 


- 


ns 


10 
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-HM51256P Series, HM51256CP Series 



• Refresh Cycle 



Parameter 


Symbol 


HM51256P/CP-10 


HM51256P/CP 12 


HM51256P/CP-15 


Unit 


Notes 


mm 


max 


min 


max 


min 


max 


CAS Set-up Time (CAS before RAS Refresh) 


ttSR 


10 




10 


~ 


10 


- 


ns 




CAS Hold Time (CAS before RAS Refresh) 


U HK 


10 




10 


- 


10 


- 


ns 




RAS Prechange to CAS Hold Time 


/«P( 


15 




15 




15 


- 


ns 




• High Speed Page Mode Cycle 


Parameter 


Symbol 


HM51256P/CP-10 


HM51256P/CP-12 


HM51256P/CP-15 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


High Speed Page Mode Cycle Time 


tFt 


55 


- 


65 




80 


- 


ns 


18, 20 


High Speed Page Mode RAS Pulse Width 


Irapl 


65 


75000 


75 


75000 


95 


75000 


ns 


19 


RAS to Second WE Delay Time 


/ksu 


105 




125 


- 


155 


- 


ns 




CAS Precharge Time 


kv 


15 




20 




20 




ns 




Write Invalid Time 


t\u 


10 




15 




15 




ns 




Access Time from Column Precharge Time 


tt\F 




50 


- 


60 




75 


ns 


20 


• High Speed Page Mode Read-Modify-Wnte Cycle 


Parameter 


Symbol 


HM51256P/CP-10 


HM51256P/CP-12 


HM51256P/CP-15 


Unit 


Notes 


mm 


max 


min 


max 


min 


max 


High Speed Page Mode Cycle Time on Read- Write 


/kw PC 


95 


- 


115 


- 


145 


- 


ns 


12 


Access Time from Previous WE 


/Pit 4 


- 


90 


- 


110 


- 


140 


ns 


3, 13 


Previous WE to Column Address Delay Time 


t\\ AD 


25 


45 


30 


55 


35 


70 


ns 


15 



I 



Notes: 



10. 



11. 



12. 
13. 



14. 
15. 



16. 
17. 
18. 
19. 
20. 



AC measurements assume tf= 5ns. 

Assumes that tRCD = tRCD (max) and tRAD £ tRAD (max). If tRCD or tRAD ls greater than the maximum 
recommended value show in this table, tRAC exceeds the value shown. 
Measured with a load circuit equivalent to 2TTL loads and lOOpF. 
Assumes that tRCD ^ *RCD (max), tRAD = tRAD (max). 
Assumes that tRCD S tRCD (max) and tRAD ^ tRAD (max). 

tQff (max) defines the time at which the output achieves the open circuit condition and is not referenced to 
output voltage levels. 

Vjff (min) and Vji (max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vjfj and Vjl. 

Operation with the tRCD (max) limit insures that tRAC (max) can be met, r/?Q) (max) is specified as a reference 
point only, if tRCD ls greater than the specified tRCD (max) limit, then access time is controlled exclusively by f CMC- 
Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a Re- 
ference point only, if tRAD 1S greater than the specified tRAD (max) limit, then access time is controlled 
exclusively by tAA • 

f WCS> f RWD> *CWD an( * *AWD are not restrictive operating parameters. They are included in the data sheet as 
electrical characteristics only, if t]\?cs = f WCS ( min ), the cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout the entire cycle, if tRWD ^ tRWD ( min ), tcwD = *CWD 
(min) and tAWD = { AWD (min), the cycle is a read/write and the data output will contain data read from the 
selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access 

time) is indeterminate. 

These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed 

write or read-modify-write cycles. 

tRWPC (min) = tAWD (min) + twAD (max) + tj. 

Assumes that t]^AD S { WAD (max). If tyjAD x% greater than the maximum recomended value shown in this 

table, tpwA exceeds the value shown. 

Assumes that t]^AD = *WAD (max). 

Operation with the t^AD (max) limit insures that tpy$A (max) can be met, t^AD (max) is specified as a 

reference point only, \ftyjAD is greater than the specified t\^AD (max) limit, then access time is controlled 

exclusively by tAA • 

An intial p ause of lOOji tsis re quired after power-up then execute at least 8 initialization cycles. 

At least, 8 CAS before RAS refresh cycles are required before using internal refresh counter. 

Assumes that tASC = *CP - 5 ns. 

tRAPC defines RAS pulse width in High Speed Page mode cycle. 

Access time is determined by the longer of tAA or f CAC or *CAP- 
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HM51 256P Series, HM51 256CP Series - 



■TIMING WAVEFORMS 

• Read Cycle 

RAS 



w. 



y- 



\ 



tRAH tASC 



WEwfY 



/ 



mummminm 



' WfTMi 



■\ Dout /" 



► Write Cycle 



* V 77771 : Don't Care 



M 



X 



w. 



wrmrik 



W///////////////777. 



////////////// 



- 777777m. * 1////////////// 



* V77/A : Don't Care 
** tncs^tncs (nun) 
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-HM51256P Series, HM51256CP Series 



• Read Modify Write Cycle 



\ 



-M 



X 



/ 



'////////// 



}WM W///////M 



\ 



i W///////// 



Timmnnzz^czDmzmm 



* \77777\ : Don't Care 
** tRWDiZtRWD (min) 
tcwoi£ tcwD (min) 

tAWD^tAWD (mm) 



>RASOnly Refresh Cycle 



CAS ' 



'//////// 



Y- 



K. 



? : — ^ 



V/////////// 



V7777X'. - X///////////////, 



* U7777\ ■ Don't Care 
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HM51256P Series, HM51256CP Series - 

• Hidden Refresh Cycle 



\: 



w zzzzzzzz 



~s 



wzx: 



\; 



Itf 



■ V// ;//;/;//////;////// J77777?//////s 



^ 



w//;//////////////////////// //////r/ 



V 



* \////\ '. Don't Care 



> CAS Before RAS Refresh Cycle 



\ 



}£ 



X 



>/////////////V 



^L 



V 1 



'///////////////////J J //////////////////J////// 



> High Speed Page Mode Read Cycle 



% 



K 



m 







>@c 



r 



>m 



x 



mMMMMM 



7 /////////M 



♦IZZSZl: Don't Care 
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- HM51 256P Series, HM51 256CP Series 



> High Speed Page Mode Write Cycle 



\ 



W> 




m 




\ 



J=:\ 



A 



X 



tCASj 
tCAIT , _ tASC 



zwmzzfflMZ 



f 



x-^^r^i^H^^ 



♦ [77777I : Don't Care 
* * twcs *£ twcs (mm) 



• High Speed Page Mode Read Modify Write Cycle 



RaS 



CAS 



\ 



■»-tRAH 
tASC- 



WK 



\ 



J m tcp 



mm: 



7///////////////M 



'S-^t 



V, '<™ ,/" 



w^/*- 



./: 



a> 




TMUZMMl 



K^mmmmL 



* r7777l : Don't Care 
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HM51256LP Series 

HMS12S6LCP Series 

262144-word x 1-bit CMOS Dynamic Random Access Memory 

■FEATURE 

• 262, 144 word x 1-bit DRAM 

• Plastic 16 pin DIP & 18 pin PLCC 

• Double layer Poly-Si/Policide process high performance CMOS 

• Power supply voltage: 5V ± 10% 

• Access time 

Row access time: 100/1 20/1 50ns 
Address access time: 45/55/70ns 

• Cycle time 

Random read/write cycle time: 180/210/250ns 
High speed page mode cycle time: 55/65/80ns 

• Lower power 

Standby: 1 1mW (TTL level), 1.1 mW (CMOS level) 

Active: 330/275/220mW 

Data Retention Current: 300jLiA/f/?£fr = 32ms 

• Input and output: TTL compatible 

• Refresh : 256 cycles/4ms 

• Refresh function: RAS only refresh, CAS before RAS refresh, 

Hidden refresh 

• High speed page mode capability 

• Edge triggered write capability 

• Fast CAS output control. 



Preliminary 



HM51256LP Series 




(DP-16B) 



HM51256LCP Series 



WP 



(CP-18) 



■ PIN ARRANGEMENT 

• HM51256LP Series 



■ ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to V$s -1 V to +7V 

Operating temperature, Ta (Ambient) 0°C to +70°C 

Storage temperature -55° C to +125°C 

Short circuit output current 50mA 

Power dissipation 1 W 

(Top View) 



Ao— A» 


Address Inputs 


CAS 


Column Address Strobe 


Din 


Data In 


Dout 


Data Out 


RAS 


Row Address Strobe 


WE 


Read/Write Input 


Kcc 


Power ( + 5V) 


Vss 


Ground 


Ao-A, 


Refresh Address Inputs 



Note) The specifications of this device are subject to 
change without notice. 

Please contact your nearest Hitachi's Sales Dept. 
regarding specifications. 




(Top View) 
• HM51256LCP Series 




(Top View) 
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HM51256LP Series, HM51256LCP Series 



■BLOCK DIAGRAM 



R/W Clock 
Generator 



C"AS 



CAS Clock 
Generator 



MAS' Clock 
Generator 



Refresh 
Control 



Address 
Counter 



As 
i 
Ao 



Row 

Address 

Buffer 



Data in 
Buffer 



Data out 
Buffer 



Column 
Address 
Buffer 



Memory Array 
262,144bits 



IRECOMMENDED DC OPERATING CONDITIONS (Ta-0 to +70 C) 



I 



Parameter 


Symbol 


mm 


typ 


max 


Un.t 


Note 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


V, H 


2.4 


- 


6.5 


V 


1 


Input Low Voltage 


Vu 


-1.0 


- 


0.8 


V 


1 



Note) 1. All voltages referenced to V it 

■DC ELECTRICAL CHARACTERISTICS (Ta=0 to +70C, Vcc = 5V±10%, Vss = 0V) 



Parameter 


Symbol 


HM5126LP/LCP-10 


HM5126LP/LCP12 


HM5126LP/LCP-15 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


Operating Current (RAS, C A S Cycling tRc = mm) 


Icc\ 


- 


60 


- 


50 


- 


40 


mA 


1 


Standby Current (RAS= Vih, Dout = High Impedance) 


Ict2 


- 


2 


- 


2 


- 


2 


mA 




Refresh Current (RAS only Refresh, tRt =min) 


/cC3 


- 


60 


- 


50 


- 


40 


mA 




Standby Current (RAS= Vih, Dout Enable) 


/cC4 


- 


6 


- 


6 


- 


6 


mA 


1 


Standby Current (RAS, CAS= Vcc-0 2V) 


Ices 


- 


200 


- 


200 


- 


200 


AiA 




Refresh Current (CAS before RAS Refresh, tRt =min) 


ICC 6 


- 


55 


- 


45 


- 


35 


mA 




Page Mode Supply Current (RAS= I'//. CAS Cycling. /« --mm) 


ICC 7 


- 


60 


- 


50 


- 


40 


mA 


1 


Input leakage (0< V, n <7V) 


III 


-10 


10 


-10 


10 


-10 


10 


M 




Output leakage (0< V,«»< 7V, Dout - Disable) 


Ilo 


■ -10 


10 


-10 


10 


-10 


10 


M 




Output levels High (/»•»= -5mA) 


V()H 


24 


Vcc 


24 


Vcc 


24 


Vcc 


V 




Output levels Low (I„ u t = A 2mA) 


Vol 





04 





04 





04 


V 





Notes) 1 /<( depends on output loading condition when the device is selected he 



: is specified at the output open conditic 



■ CAPACITANCE ( V cc = 5V± 10%, Ta=25°C) 












Parameter 


Symbol 


typ 


max 


Unit 


Notes 


Input Capacitance 


Address, Data-in 


Cn 


- 


5 


pF 


1 


Clocks 


Cn 


- 


7 


! 1 


Output Capacitance 


Data-out 


a 


- 


7 


1, 2 



Notes) 1 Capacitance measured with Boonton Meter or effective capacitance measuring method 
2. CAS -V,„ to disable Dout 
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HM51256LP Series, HM51256LCP Series - 



■ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Ta=0 to +70°C, Fcc = 5V±10%, Vss = 0V) 

• Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameter) 



Parameter 


Symbol 


HM5126LP/LCP-10 


HM5126LP/LCP-12 


HM5126LP/LCP-15 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


Random Read or Write Cycle Time 


/ tRC 


180 


- 


210 


- 


250 


- 


ns 




RAS Precharge Time 


tRP 


70 


- 


80 


- 


90 


- 


ns 




RAS Pulse Width 


tflAS 


65 


10000 


75 


10000 


95 


10000 


ns 




CAS Pulse Width 


tCAS 


25 


- 


30 


- 


35 


- 


ns 




Column Address Set-up Time 


tASC 





- 





- 





- 


ns 




Column Address Hold Time 


tCAH 


20 


- 


25 


- 


30 


- 


ns 




Column Address Hold Time to RAS 


tAR 


75 


- 


90 


- 


110 


- 


ns 




RAS to CAS Delay Time 


tRCD 


25 


75 


25 


90 


30 


115 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


20 


55 


20 


65 


25 


80 


ns 


9 


RAS Hold Time 


tRSH 


25 


- 


30 


- 


35 


- 


ns 




CAS Hold Time 


tcSH 


100 


- 


120 


- 


150 


- 


ns 




CAS to RAS Precharge Time 


tcRP 


10 


- 


10 


- 


10 


- 


ns 




Row Address Set-up Time 


tASR 





- 





- 





- 


ns 




Row Address Hold Time 


tRAH 


15 


- 


15 


- 


20 


- 


ns 




Transition Time (Rise and Fall) 


tT 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


- 


4 


- 


4 


- 


4 


ms 




Refresh Period 


tREF2 


- 


32 


- 


32 


- 


32 


ms 


18 


• Read Cycle 


Parameter 


Symbol 


HM5126LP/LCP-10 


HM5126LP/LCP-12 


HM5126LP/LCP-15 


Unit 


Notes 


min 


max 


mm 


max 


min 


max 


Access Time from RAS 


tRAC 


- 


100 


- 


120 


- 


150 


ns 


2,3 


Access Time from CAS 


tCAC 


- 


25 


- 


30 


- 


35 


ns 


3,4 


Access Time from Address 


tAA 


- 


45 


- 


55 


- 


70 


ns 


3, 5, 14 


Read Command Set-up Time 


tRCS 





- 





- 





- 


ns 




Read Command Hold Time to CAS 


tRCH 





- 





- 





- 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


ns 




Column Address to RAS Lead Time 


tRAL 


45 


- 


55 


- 


70 


- 


ns 




Output Buffer Turn-off Time 


toFF 





25 





30 





35 


ns 


6 


• Write Cycle 


Parameter 


Symbol 


HM5126LP/LCP-10 


HM5126LP/LCP-12 


HM5126LP/LCP-15 


Unit 


Notes 


mm 


max 


min 


max 


min 


max 


Write Command Set-up Time 


twcs 





- 





- 





- 


ns 


10 


Write Command Hold Time 


twCH 


25 


- 


30 


- 


35 


- 


ns 




Write Command Hold Time to RAS 


twCR 


80 


- 


95 


- 


115 


- 


ns 




Write Command Pulse Width 


twp 


20 


- 


25 


- 


30 


- 


ns 




Write Command to RAS Lead Time 


tRWL 


25 


- 


30 


- 


35 


- 


ns 




Write Command to CAS Lead Time 


tc*L 


25 


- 


30 


- 


35 


- 


ns 




Data-in Set-up Time 


tDS 





- 





- 





- 


ns 


11 


Data-in Hold Time 


tDH 


20 


- 


25 


- 


30 


- 


ns 


10, 11 


Data-in Hold Time to RAS 


tDHR 


75 


- 


90 


- 


110 


- 


ns 




• Read-Modify-Write Cycle 


Parameter 


Symbol 


HM5126LP/LCP-10 


HM5126LP/LCP-12 


HM5126LP/LCP-15 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


Read- Write Cycle Time 


tRWC 


210 


- 


245 


- 


290 


- 


ns 




RAS to WE Delay Time 


tRWD 


100 


- 


120 


- 


150 


- 


ns 


10 


CAS to WE Delay Time 


tcWD 


25 


- 


30 


- 


35 


- 


ns 


10 


Column Address to WE Delay Time 


tAWD 


45 


- 


55 


- 


70 


- 


ns 


10 
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HM51256LP Series, HM51256LCP Series 



• Refresh Cycle 



Parameter 


Symbol 


HM5126LP/LCP-10 


HM5126LP/LCP-12 


HM5126LP/LCP-15 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


CAS Set-up Time (CAS before RAS Refresh) 


tcsft 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time (CAS before RAS Refresh) 


tCHR 


10 


- 


10 


- 


10 


- 


ns 




RAS Precharge to CAS Hold Time 


tRPC 


15 


- 


15 


- 


15 


- 


ns 




• High Speed Page Mode Cycle 


Parameter 


Symbol 


HM5126LP/LCP-10 


HM5126LP/LCP-12 


HM5126LP/LCP-15 


Unit 


Notes 


mm 


max 


min 


max 


min 


max 


High Speed Page Mode Cycle Time 


tpc 


55 


- 


65 


- 


80 


- 


ns 


19,21 


High Speed Page Mode RAS Pulse Width 


tRAPC 


65 


75000 


75 


75000 


95 


75000 


ns 


20 


RAS to Second WE Delay Time 


tRSW 


105 


- 


125 


- 


155 


- 


ns 




CAS Precharge Time 


tcp 


15 


- 


20 


- 


20 


- 


ns 




Write Invalid Time 


twi 


10 


- 


15 


- 


15 


- 


ns 




Access Time from Column Precharge Time 


tCAP 


- 


50 


- 


60 


- 


75 


ns 


21 


• High Speed Page Mode Read- Modify- Write Cycle 


Parameter 


Symbol 


HM5126LP/LCP-10 


HM5126LP/LCP-12 


HM5126LP/LCP-15 


Unit 


Notes 


min 


max 


mm 


max 


min 


max 


High Speed Page Mode Cycle Time on Read- Write 


tRWPC 


95 


- 


115 


- 


145 


- 


ns 


12 


Access Time from Previous WE 


tpWA 


- 


90 


- 


110 


- 


140 


ns 


3,13 


Previous WE to Column Address Delay Time 


tWAD 


25 


45 


30 


55 


35 


70 


ns 


15 



Notes: 1. AC measurements assume t j= 5ns. 

2. Assumes that tRCD — tRCD (max) and tRAD ^ tRAD (max). If tRCD or t RAD is greater than the maximum 
recommended value show in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads and lOOpF. 

4. Assumes that tRCD ^ t RCD (max), tRAD ^ t HAD (max). 

5. Assumes that tRCD ^ f RCD (max) and tRAD I tRAD (max). 

6. tQpp (max) defines the time at which the output achieves the open circuit condition and is not referenced to 
output voltage levels. 

7. Vjff (min) and V/l (max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between V/jj and Vji. 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a 
reference point only, iftRCD * s greater than the specified tRCD (max) limit, then access time is controlled 
exclusively by tcAC- 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a Re- 
ference point only, if tRAD is greater than the specified tRAD (max) limit, then access time is controlled 
exclusively by tAA- 

10. twcs> t RWD> t CWD and tAWD are not restrictive operating parameters. They are included in the data sheet as 
electrical characteristics only: if t WCS ^ tWCS (min), the cycle i^an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout the entire cycle; if tRWD *Z tRWD (min), tCWD ^ t CWD 
(min) and tAWD ^ t AWD (min), the cycle is a read/write and the data output will contain data read from the 
selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access 
time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed 
write or read modify write cycles. 

12- tRWPC (mm) = tAWD (min) + tWAD (max) + tj. 

13. Assumes that tWAD = tWAD (max). If tWAD * s greater than the maximum recomended value shown in this 
table tpwA exceeds the value shown. 

14. Assumes that tWAD ^ tWAD (max). 

15. Operation with the tWAD (max) limit insures that tpwA (max) can be met, tWAD (max) is specified as a 
reference point only, if t WAD * s greater than the specified tWAD (max) limit, then access time is controlled 
exclusively by tAA- 

16. An intial p ause of 100 ms is re quired after power-up then execute at least 8 initialization cycles. 

17. At least 8 CAS before RAS refresh cycles are required bef ore us ing internal refresh counter. 

18. The HM51256L extends the refresh period to 32ms during RAS only refresh operation. 

19. Assumes that t ASC *CP - 5ns. 

20. tRAPC defines KATpulse width in High Speed Page mode cycle. 

21 . Access time is determined by the longer of tAA or 'G4C or 'G4P* 
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HM51 256LP Series, HM51 256LCP Series - 



■TIMING WAVEFORMS 

• Read Cycle 
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► Write Cycle 
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- HM51 256LP Series, HM51 256LCP Series 



• Read Modify Write Cycle 
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► RAS Only Refresh Cycle 
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HM51 256LP Series, HM51 256LCP Series - 

• Hidden Refresh Cycle 
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• CAS Before RAS Refresh Cycle 
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• High Speed Page Mode Read Cycle 
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- HM51 256LP Series, HM51 256LCP Series 



• High Speed Page Mode Write Cycle 
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• High Speed Page Mode Read Modify Write Cycle 



~-tRAH 
lASC- 



W- 



\ - <c ' s - rf 



)®c 



w/wy/m/m 



^ 



^r*- 



:»: 



t=/ v 



/ 



y r 



IMMMIM 



'Sr^H^ 






k 



* r7777l : Don't Care 



<P HITACHI 

Hitachi America Ltd. • 2210 OToole Avenue • San Jose, CA 95131 • (408) 435-8300 



347 



HMS12S8P Series, 
HMS12S8CP Series 

262144-word x 1-bit Static Column Dynamic RAM 

The HM51258 is the 262,144 word by 1 bit static 
column dynamic random access memory utilizing the 
Hitachi 2jum CMOS process. 

This device has static column circuit and it is good for 
high performance main storage or for page access 
applications. 

While the row circuitry is still dynamic, and it controls 
the power consumed in the static circuitry. It realizes 
very low power dissipation. 

Multiplexed address £nd the 16 pin pinout are com- 
patible with the fully dynamic 256K DRAM 
HM50256. 



FEATURES 

262,144 word x 1 bit SCRAM 

Plastic 16 pin DIP & 18 pin PLCC 

Double layer Poly-Si/Policide Process, high 

performance CMOS 

Power supply voltage— 5V± 10% 

Access time 

Row access time- 85/1 00/1 20/1 50ns 

Address access time— 40/45/55/70ns 

Cycle time 

Random Read&Write cycle time-155/180/210/250ns 

Static Column cycle time-45/50/60/75ns 

Lower power 

Standby - 1 mW 

Active - 385/330/275/220mW 

Input and output— TTL compatible 

Refresh— 256 cycles/4ms 

Refresh function— RAS only refresh, CS before 

RAS refresh, Hidden refresh 

Static column mode capability 

Edge triggered write capability 

Fast CS output control 



i BLOCK DIAGRAM 
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HM5 1 25 8P Series 
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■PIN ARRANGEMENT 

• HM51258P Series 




(Top View) 
• HM51258CP Series 

Dm \» Vss CS 
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348 



HITACHI 

Hitachi America Ltd • 2210 O'Toole Avenue • San Jose, CA 95131 • (408)435-8300 



-HM51 258P Series, HM51 258CP Se«ies 



■ ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Rating 


Unit 


Voltage on any pin relative to V§s 


V T 


-1.0 to +7.0 


V 


Supply Voltage relative to Vgs 


Vcc 


-1.0 to +7.0 


V 


Short circuit output current 


lout 


50 


mA 


Power dissipation 


P T 


1.0 


W 


Operating temperature 


' opr 


to +70 


°C 


Storage temperature 


T 8tg 


-55 to +125 


°C 


■ RECOMMENDED DC OPERATING CONDITIONS (r a =0 to +70°C) 


Parameter 


Symbol 


min 


typ 


max 


Unit 


Supply voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Input high voltage 


VlH 


2.4 


- 


6.5 


V 


Input low voltage 


VlL 


-1.0 


- 


0.8 


V 



Note) All voltages referenced to K55. 

■ DC ELECTRICAL CHARACTERISTICS (K CC =5V±10%, K^=0V,r a =0 to +70°C) 



Parameter 


Sybmol 


Test conditions 


HM5 1258-8 


HM5 1258-10 


HM51258-12HM51258-15 


Unit 


Note 


mm 


max 


min 


max 


min 


max 


min 


max 


Operating current 


Jcci _ 

ICC2 


RAS, CS Cycling, f/ft^min 


- 


70 


- 


60 


- 


50 


- 


40 


mA 


1 


Standby current 


RAS=P7//, Dout=High Impedance 


- 


2 


- 


2 


- 


2 


- 


2 


mA 




Refresh current 


ICC3 


RAS only Refresh, tRC=m\n 


L - 


70 


- 


60 


- 


50 


- 


40 


mA 




Standby current 


JCC4 


RAS- Vjh, Dout Enable 


- 


6 


- 


6 


- 


6 


- 


6 


mA 


1 


Refresh current 


ICC5 


CS before RAS Refresh, r/?c=min 




60 


- 


55 


- 


45 


- 


35 


mA 




Operating current 


*CC6 


Static Column Mode, 
tRSC 'H>SC =min 


- 


70 


- 


60 


- 


50 


- 


40 


mA 


1 


Input leakage 


ILI 


V w =0 to 7V 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


MA 




Output leakage 


ILO 


V ut=Q to 7V 


-10 


10 


-10 


10 


-10 


10 


-10 


10 


M 




Output high voltage 


VOH 


/ ow /=-5mA 


24 


vcc 


24 


vcc 


24 


vcc 


2.4 


vcc 


V 




Output low voltage 


vol 


'oW/=4.2mA 





04 





04 





04 





0.4 


V 





Note) 1 . Ice depends on output loading condition when the device is selected. 
ICC max ^ specified at the output open condition. 



■ CAPACITANCE(F C c=5V±10%,r a = 25 


°C) 








Parameter 


Symbol 


typ 


max 


Unit 


Note 


Input capacitance 


Address, Data-in 


Qi 


- 


5 


pF 


1 


Clock 


C12 


- 


7 


pF 


1 


Output capacitance 


Data-Out 


Co 


- 


7 


PF 


1,2 



Note Note) 1 . Capacitance measured with 
Boonton Meter or effective 
capacitance measuring method. 
2. CS= V IH to disable Dout. 
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HM51 258P Series, HM51 258CP Series 



■ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING 
CONDITIONS (T a =0 to +70°C, K CC =5V± 10%) 



• Read, Write, Read-Modify-Write and Refresh Cycles 


(Comi 


non P 


arame 


ter) 












Parameter 


Symbol 


HM51258-8 


HM51358-10 


HM51258-12 


HM51258-15 


Unit 


Notes 


min 


max 


min 


max 


min 


max 


min 


max 


Random Read or Write Cycle Time 


tRC 


155 


- 


180 


- 


210 


- 


250 


- 


ns 




RAS Precharge Time 


tRP 


60 


- 


70 


- 


80 


- 


90 


- 


ns 




RAS Pulse Width 


tRAS 


55 


10000 


65 


10000 


75 


10000 


95 


10000 


ns 




CS Pulse Width 


tcs 


25 


- 


25 


- 


30 


- 


35 


- 


ns 




RAS to CS Delay Time 


tRCD 


20 


60 


25 


75 


25 


90 


30 


115 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


15 


45 


20 


55 


20 


65 


25 


80 


ns 


9 


RAS Hold Time 


tRSH 


20 


- 


25 


- 


30 


- 


35 


- 


ns 




CS Hold Time 


tCSH 


85 


- 


100 


- 


120 


- 


150 


- 


ns 




CS to RAS Precharge Time 


tCRP 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Row Address Set-Up Time 


f ASR 





- 





- 





- 





- 


ns 




Row Address Hold Time 


tRAH 


10 


- 


15 


- 


15 


- 


20 


- 


ns 




Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


- 


4 


- 


4 


- 


4 


_ 


4 


ms 




• Read Cycle 


Access Time from RAS 


tRAC 


- 


85 


- 


100 


- 


120 


- 


150 


ns 


2,3 


Access Time from CS 


tCAC 


- 


25 


- 


25 


- 


30 


- 


35 


ns 


3,4 


Access Time from Address 


tAA 


- 


40 


- 


45 


- 


55 


- 


70 


ns 


3,5,14 


Column Address Hold Time to RAS on Read 


*AR 


85 


- 


100 


- 


120 


- 


150 


- 


ns 




Read Command Set-Up Time 


tRCS 





- 





- 





- 





- 


ns 




Read Command Hold Time to CS 


tRCH 





- 





- 





- 





- 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


- 


10 


- 


10 


) 


10 


- 


ns 




Column Address to RAS Lead Time 


tRAL 


40 


_ 


45 


- 


55 


- 


70 


- 


ns 




RAS to Column Address Hold Time 


*AH 


10 


- 


15 


- 


15 


- 


20 


- 


ns 


16 


Output Hold Time from Address 


tOH 


5 


- 


5 


- 


5 


- 


5 


- 


ns 




Output Buffer Turn-off Time 


tOFF 





20 





25 





30 





35 


ns 


6 


•Write Cycle 


Column Address Set-Up Time 


tASC 





- 





- 





- 





- 


ns 




Column Address Hold Time 


KAH 


15 


- 


20 


- 


25 


- 


30 


- 


ns 




Column Address Hold Time to RAS on Write 


tAWR 


60 


- 


75 


- 


90 


- 


110 


- 


ns 




Write Command Set-Up Time 


twcs 





- 





- 





- 





- 


ns 


10 


Write Command Hold Time 


tWCH 


20 


- 


25 


- 


30 


- 


35 


- 


ns 




Write Command Hold Time to RAS 


tWCR 


65 


- 


80 


- 


95 


- 


115 


- 


ns 




Write Command Pulse Width 


tWP 


15 


- 


20 


- 


25 


- 


30 


- 


ns 




Write Command to RAS Lead Time 


tRWL 


20 


- 


25 


- 


30 


- 


35 


- 


ns 




Write Command to CS Lead Time 


tCWL 


20 


- 


25 


- 


30 


- 


35 


- 


ns 




Data-in Set-up Time 


tDS 





- 





- 





- 





- 


ns 


11 


Data-in Hold Time 


*DH 


15 


- 


20 


- 


25 


- 


30 


- 


ns 


10,11 


Data-in Hold Time to RAS 


*DHR 


60 


- 


75 


- 


90 


- 


110 


- 


ns 





(to be continued) 
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-HM51 258P Series, HM51 258CP Series 



• Read-Modify-Write Cycle 





Symbol 


HM5158-8 


HM5158-10 


HM5 1258-1 2 


HM51258-15 


Unit 


Notes 




min 


max 


min 


max 


min 


max 


min 


max 


Read-Write Cycle Time 


tRWC 


180 


- 


210 


- 


245 


- 


290 


- 


ns 




RAS to"WE Delay Time 


tRWD 


85 


- 


100 


- 


120 


- 


150 


- 


ns 


10 


CS to WE Delay Time 


tCWD 


20 


- 


25 


- 


30 


- 


35 


- 


ns 


10 


Column Address to WE Delay Time 


*AWD 


40 


- 


45 


- 


55 


- 


70 


- 


ns 


10 


Output Hold Time from WE 


tOHW 


25 


- 


25 


- 


25 


- 


25 


- 


ns 




• Refresh Cycle 


CS Set-up Time (CS before RAS Refresh) 


*CSR 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




CS Hold Time (CS before RAS Refresh) 


tCHR 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




RAS Precharge to CS Hold Time 


tRPC 


15 


- 


15 


- 


15 


- 


15 


- 


ns 




• SC Mode Cycle 


SC Mode Cycle Time on Read 


tRSC 


45 


- 


50 


- 


60 


- 


75 


- 


ns 




SC Mode Cycle Time on Write 


twsc 


45 


- 


50 


- 


60 


- 


75 


- 


ns 




RAS to Second WE Delay Time 


tRSW 


90 


- 


105 


- 


125 


- 


155 


- 


ns 




SC Mode RAS Pulse Width 


tRASC 


55 


75000 


65 


75000 


75 


75000 


95 


75000 


ns 




CS Precharge Time 


*CP 


10 


- 


10 


- 


15 


- 


15 


- 


ns 




Write Invalid Time 


*WI 


10 


- 


10 


- 


15 


- 


15 


- 


ns 




• SC Mode Read-Modify-Write and Mixed Cycle 


SC Mode Cycle Time on Read-Write 


tRWSC 


85 


- 


95 


- 


115 


- 


145 


- 


ns 


12 


Access Time from Previous WE 


tPWA 


•- 


80 


- 


90 


- 


110 


- 


140 


ns 


3,13 


Previous WE to Column Address Delay Time 


*WAD 


20 


40 


25 


45 


30 


55 


35 


70 


ns 


15 


Column Address Hold Time to Previous WE 


tPWH 


80 


- 


90 


- 


110 


- 


140 


- 


ns 





Notes: 



10 



12 
13. 



14. 
15 



16. 
17. 
18. 



AC measurements assume t j> = 5ns 

Assumes that t RCD ^ t RCD (maiX) and t RAD ^ t RAD (maix) If t RCD or t RAD is greater than the maximum 

recommended value shown in this table, t RAC exceeds the value shown. 

Measured with a load circuit equivalent to 2TTL loads and lOOpF. 

Assumes that t RCD ^ t RCD (m&x), t RAD i t RAD (max). 

Assumes that t RCD ^ t RCD (mzx) and t RAD ^ t RAD (mdix). 

toFF( m2LX ) defines the time at which the output achieves the open circuit condition and is not referenced to 

output voltage levels. 

V JH (min) and V IL (max) are reference levels for measuring timing of input signals. Also, transition times are 

measured between F/^and V IL . 

Operation with the t RCD (max) limit insures that f fiAC (max) can be met, t RCD (max) is specified as a reference 

point only; if t RCD is greater than the specified t RCD (max) limit, then access time is controlled exclusively 

by t CAC . 

Operation with the t RAD (maiX) limit insures that f^^max) can be met, t RAD (max) is specified as a re- 
ference point only; if t RAD is greater than the specified t RAD (max) limit, then access time is controlled ex- 
clusively by t AA . 

twcs> tRWD> *CWD ana * ^AWD are not restrictive operating parameters. They are included in the data sheet as 
electrical characteristics only if t wcs ^ twcs( mm )> the cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout the entire cycle ; if t RWD ^ t R w D (mm), t CWD ^rcWD( mm ) 
and t A w D ^ t A wt)(m\ri), the cycle is a read/write and the data output will contain data read from the selected 
cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is in- 
determinate 

These parameters are referenced to CS leading edge in early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles 
tRWSc( mm ^ = 'AWD(min) + r WAD (max) + t T 

Assumes that t WAD S tw AD (max) If *WAD 1S greater than the maximum recomended value shown in this 
table, tpwA exceeds the value shown 
Assumes that t WAD ^ r WAD (max). 

Operation with the t WAD (max) limit insures that t PWA (max) can be met, t WAD (max) is specified as a re- 
ference point only, if t WAD is greater than the specified f j^^max) limit, then access time is controlled ex- 
clusively by t AA . 

*AH defines the time at which the column address hold. 

An initial pjiuse of 100ms is required after power -up then execute at least 8 initialization cycles. 
At least, 8 CS before RAS refresh cycle are required before using internal refresh counter. 
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■ TIMING WAVEFORMS 
• Read Cycle 
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• Write Cycle 
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• Read-Modify-WriteCycle 

RAS 
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\ 
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• RAS Only Refresh Cycle 
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• Hidden Refresh Cycle 
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• CS before RAS Refresh Cycle 



cs { 
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• Static Column Mode Read Cycle 
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• Static Column Mode Write Cycle 
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• Static Column Mode Read-Modify -Write Cycle 
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• Static Column Mode Mixed Cycle 
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HMSHOOOSeries 9 — 
HMSIIOOOP Series 



Preliminary 



1048576-word X 1-bit Dynamic Random Access Memory 

■ FEATURES 

• High Speed : Access Time 1 00/1 20/1 50ns (max.) 

• Low Power: 300mW (active), 10mW (standby) 

• High speed page mode capability 

• 512 refresh cycles . . . (8ms) 

• 3 variations of refresh: RAS only refresh 

CAS before RAS refresh 
Hidden refresh 



■ BLOCK DIAGRAM 



RAS 



RAS 
Control 



CAS 




WE 


CAS 
Control 




WE 

Control 

Circu.t 


1 




♦ 



CelT" 



J£ 



,-N I *"" 

|V Buffer 

I r — »»Doiir 



u 



WorJbnve. 
Row Decode 



l£ 



128k 
Memon 



Word br.ver ~ Word >,ver 
Row Decoder" Row Decoder" 



128k 
lemorvLg 



Row Address Buffer 



Column Address Buffer 



TE 



zr 



Note) The specifications of this device are subject to change without notice. 

Please contact your nearest Hitachi's Sales Dept. regarding specifications. 



HM5 11 000 Series 




(DG-18A) 



HM511000P Series 



<# 



(DP-18) 



■ PIN ARRANGEMENT 




(Top View) 



A ~A 9 


Address Inputs 


CAS 


Column Address Strobe 


Din 


Data In 


Dout 


Data Out 


RAS 


Row Address Strobe 


WE 


Read/Write Input 


v C c 


Power (+5V) 


v S s 


Ground 


A ~ A 


Refresh Address Inputs 
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■ ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to V§s — 1 V to +7V 

Operating temperature, T a (Ambient) to +70°C 

Storage temperature (Plastic) -55 to +125°C 

Storage Temperature Cedip -65 to +150°C 

Power dissipation 1 W 

Short circuit output current 50mA 

■ RECOMMENDED DC OPERATING CONDITIONS (T a = to 70°C) 



Parameter 


Symbol 


min. 


typ. 


max. 


Unit 


Notes 


Supply voltage 


Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High voltage 


VlH 


2.4 


- 


6.5 


V 


1 


Input Low voltage 


VlL 


-2.0 


- 


0.8 


V 


1 



Notes) 1 . All voltages referenced to V$s 



■ DC ELECTRICAL CHARACTERISTICS (F C c = 5V ± 


10%, K 5 5=0V, T a =0 to +70°C) 










Symbol 


Test Condition 


HM511000/P-10 


HM511000/P-12 


HM511000/P-15 


Unit 


Note 




min. 


max. 


min. 


max. 


min. 


max. 




Operating Current 


J CC1 


RAS, CAS Cycling: 

r J?C =mm - 


- 


60 


- 


50 


- 


40 


mA 


1 


Standby Current 


!cC2 


RAS,CAS=F///, 
TTL Interface 


- 


2 


- 


2 


- 


2 


mA 




Dout=High Impedance 
CMOS Interface 


- 


1 


- 


1 


- 


1 




Refresh Current 


l CCZ 


RAS only Refresh, 
f RC =mm - 


- 


50 


- 


40 


- 


35 


mA 




Standby Current 


1CC5 


RAS=V/ Ht CAS=VjL 
Dout Enable 


- 


5 


- 


5 


- 


5 


mA 


1 


Refresh Current 


ICC6 


CAS before RAS 
Refresh, fjj C =min. 


- 


50 


- 


40 


- 


35 


mA 




Page Mode Supply 
Current 


J CC7 


RAS=K /L ,CAS 
Cycling, tpc=m\n. 


- 


50 


- 


45 


- 


40 


mA 




Input Leakage 


Ili 


V in =0 to +7V 


-10 


10 


-10 


10 


-10 


10 


mA 




Output Leakage 


Ilo 


V out =0 to +7V, Dout 
is disabled 


-10 


10 


-10 


10 


-10 


10 


ma 




Output Levels 


VOH 


A>uf =- 5mA 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 




Vol 


/ouf =4 - 2mA 





0.4 





0.4 





0.4 


V 





I 



Note) 1 . Iqq depends on output loading condition when the device is selected, Iqq max. is specified at the output 
open condition. 



CAPACITANCE (K C c=5V ±10%, T a =25°C) 



Parameter 


Symbol 


typ. 


max. 


Unit 


Notes 


Input Capacitance 


Address, Data-in 


Cn 


- 


5 


pF 


1 


Clocks 


C[ 2 


- 


7 


1,2 


Output Capacitance 


Data-out 


Co 


- 


7 



Notes) 1 . Capa citance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS=K //f to disable Dout. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(K CC =5V ±10%, F lS 5=0V, T a =0 to +70°C) 1)a0) ' 11) 



Parameter 


Symbol 


HM511000/P-10 


HM511000/P-12 


HM511000/P-15 


Unit 


Note 


mm. 


max. 


min. 


max. 


mm. 


max. 


Access Time from RAS 


*RAC 


- 


100 


- 


120 


- 


150 


ns 


2,3 


Access Time from CAS 


t CAC 


- 


50 


- 


60 


- 


75 


ns 


2,3 


Output Buffer Turn-off Delay 


t OFF 


- 


25 


- 


30 


- 


40 


ns 


5 


Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 


6 


Random Read or Write Cycle Time 


*RC 


190 


~ 


220 


- 


260 


- 


ns 




RAS Precharge Time 


*RP 


80 


- 


90 


- 


100 


- 


ns 




RAS Pulse Width 


*RAS 


100 


10000 


120 


10000 


150 


10000 


ns 




CAS Pulse Width 


tCAS 


50 


10000 


60 


10000 


75 


10000 


ns 




RAS to CAS Delay Time 


f RCD 


25 


50 


25 


60 


30 


75 


ns 


7 


RAS Hold Time 


*RSH 


50 


- 


60 


- 


75 


- 


ns 




CAS Hold Time 


*CSH 


100 


- 


120 


- 


150 


- 


ns 




CAS to RAS Precharge Time 


*CRP 


10 


- 


10 


- 


10 


- 


ns 




Row Address Setup Time 


r ASR 





- 





- 





- 


ns 




Row ADdress Hold Time 


*RAH 


15 


- 


15 


- 


20 


- 


ns 




Column Address Setup Time 


Use 





- 





- 





- 


ns 




Column Address Hold Time 


f CAH 


20 


- 


20 


- 


25 


- 


ns 




Write Command Setup Time 


f WCS 





- 





- 





- 


ns 


8 


Write Command Hold Time 


f WCH 


25 


- 


25 


- 


30 


- 


ns 




Write Command Pulse Width 


t WP 


15 


- 


20 


- 


25 


- 


ns 




Write Command to RAS Lead Time 


*RWL 


35 


- 


40 


- 


45 


- 


ns 




Write Command to CAS Lead Time 


*CWL 


35 


- 


40 


- 


45 


- 


ns 




Data-in Setup Time 


Ids 





- 





- 





- 


ns 


9 


Data-m Hold Time 


*DH 


25 


- 


25 


- 


30 


- 


ns 


8,9 


Read Command Setup Time 


f RCS 





-" 





- 





- 


ns 




Read Command Hold Time referenced 
to CAS 


'flCtf 





- 





- 





- 


ns 




Read Command Hold Time referenced 
to RAS 


*RRH 


10 


- 


10 


- 


10 


- 


ns 




Refresh Period 


tREF 


- 


8 


- 


8 


- 


8 


ms 




Read-Write Cycle Time 


*RWC 


230 


- 


265 


- 


310 


- 


ns 




Read Modify Write Cycle Time 


*RWS 


140 


- 


165 


- 


200 


- 


ns 




RAS to WE Delay 


f RWD 


100 


- 


120 


- 


150 


- 


ns 




CAS to WE Delay 


*CWD 


40 


- 


50 


- 


65 


- 


ns 


8 


CAS Setup Time 


*CSR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time (CAS before RAS 
Refresh) 


*CHR 


20 


- 


25 


- 


30 


- 


ns 




RAS Precharge to CAS Hold Time 


*RPC 


10 


- 


10 ^ 


- 


10 


- 


ns 




Page Mode Read or Write Cycle 


*PC 


70 


- 


85 , 


- 


105 


- 


ns 




CAS Precharge Time, Page Cycle 


*CP 


10 


- 


15 


- 


20 


- 


ns 




Page Mode Read Modify Write Cycle 


t PCM 


100 


- 


120 


- 


145 


- 


ns 




Page Mode CAS Pulse Width (Read 
Modify Write Cycle) 


*CRW 


80 


- 


95 


- 


115 


- 


ns 
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Notes) 

1 . AC measurements assume t f = 5ns. 

2. Assumes that tR CD £ r/?cZ)( m ax). If tRQD is greater 
than the maximum recommended value shown in 
this table, J/j^C exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL 
loads and lOOpF. 

4. Assumes that tRCD— 1 RCD( max )- 

5. t OFF (maix) defines the time at which the output 
achieves the open circuit condition and is not re- 
ferenced to output voltage levels. 

6. Vjuimiri) and Fornax) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between Vjh and V^. 

7. Operation with the fflcr>( max ) ^ mit insures that 
rflAc( max ) can be met, ffl CjD (max) is specified as a 
reference point only, if t RCD is greater than the 
specified r«cD( max ) limit, then access time is con- 
trolled exclusively be fcAC- 



10. 



twcs an( ^ *CWD are not restrictive operating par- 
ameters. They are included in the data sheet as elec- 
trical characteristics only: if twcs— ( wcs( mm ^ tne 
cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout 
the entire cycle; if fcWD = f CWD( m i n )> tne cycle is a 
read/write and the data output will contain data read 
from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out 

(at access time) is indeterminate. 

These parameters are referenced to CAS leading edge 
in early write cycles and to WE leading edge in 
delayed write or read-modify-write cycles. 
An initial pause of 100ms is required after power -up. 
Then execute at least 8 initialization cycles 



■ TIMING WAVEFORMS 
• Read Cycle 



RAS 



CAS 



Address 



WE 



Dout 



X 



2 



tRAS 



/ ~ ££ .\ 



K 



tASC 



XX 



s 



•/ 



X 



< 



K 



Valid Data 
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• Write Cycle ( Early Write) 



RAS 



CAS 



K 



\ 



*•"**•• J, .O! 



WE 



Din 



Dout 



e Read-Modify-Write Cycle 



f-4.SC 



tRSH 



y m — a: — .\ 



tCSH 



x 



T 



■f 



\* Valid Data }T 
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X 
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V 



tCWD 
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• RAS Only Refresh Cycle 



RAS 



CAS 



x 



tCRP 



tASR 



tRAS 



Address ^{ ^ 



V 



tRPC 



X 



Hidden Refresh Cycle 

RAS " 



N (READ) / SL (REFRESH) X 



CAS 



Address 



KM 

tRCS 



WE 



Dout 



\ 



' tRAC 



x 



tCAS 



< 



• CAS Before RAS Refresh Cycle 



RAS 



CAS 



Address 



\ tRAS / \ 



\ y n 



Don't care 



r 



tOFF 
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• Page Mod* Read Cycle 



RAS 



CAS 



K 



tRAS 



V 



— — V tCAS / " ' V 



f/Mtf 



Address ^j ^ 



WE 



Dout 



X 



X 



tr 



z 



/ 



tRCH 



K 



< Valid \ >" fc Valid "^ 
Data ^ S» , Data ^ ""~ 



Page Mode Write Cycle 
RAS ~ 



tRAS 



\ 



CAS 



Msk 



Address 



WE 



tCSH 



n 



Dout 



A 



tASC tCAH tASC tCAH 



E3 



/ \ 



n . ^' Valid ^J7 ^3 f Valid ^^7" 

D ' n A Data A A D^a A 



-tRSH- 



S 



£ 



HiZ 
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• Page Mode Read Modify Write Cycle 



RAS 



CAS 



tRP 



/~\_ 



\^^\-jT 



WE 



Din 



Dout 



Address "\ Row S/^^V Co,umn V S^ 

A Add A Affi A A 

3^\ 



Column 5/ \/ Column ^^ 



A Data A A 



tDS "» 



Valid 
Data 



A w A Data A 



< Valid \ / V^ \^) / Valid V 

Data / \ Data / ** \ Data / ^ 
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HM511001JP-10/12/15 
HM511002JP-10/12/15 



-Preliminary 



TARGET SPEC 



1,048,576 x 1 bit Dynamic Random Access Memory 

■ FEATURES 

• 300 mil 20 pin SOJ 

• Single 5V(± 10%) 

• High Speed: 

Access Time 100ns/120ns/150ns 

• Low Power: 

300 mW active, 10 mW standby 

• Fast Page mode (HM511000JP)/Nibble mode (HM511001 JP)/ 
Static Column (HM511002JP) 

• 512 Refresh Cycles (8ms) 

• 3 v ariati ons of refresh 

RAS only re fresh 

CAS before RAS refresh 

Hidden refresh 




PIN OUT 



(Top View) 



din Q 
We [^ 

RASQ 
NCQ 
NC Q 



A °iZ 

A2 tZ 
A3Q 

vccQ 



6 
7 
8 
9 
10 



20 
19 
18 
17 
16 



^] VSS 
DQUT 



^] CAS 

^] NC 

Zl A9 



15 



12 



A8 



14 U A7 

13 



A6 
A5 



11 ^] A4 



A0-A9 


Address Inputs 


CAS 


Column Address Strobe 


Din 


Data In 


Dout 


Data Out 


RAS 


Row Address Strobe 


WE 


Read/Write Input 


vcc 


Power ( + 5V) 


vss 


Ground 


AQ-A8 


Refresh Address Inputs 



Note) The specifications of this device are subject to change without notice. 

Please contact your nearest Hitachi's Sales Dept. regarding specifications. 
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HM511000ZP-10/12/15 
HM511001ZP-10/12/15 
HM511002ZP-10/12M5 



-Preliminary 



TARGET SPEC. 



1,048,576 x 1 bit Dynamic Random Access Memory 

■ FEATURES 

• 400 mil 20 pin ZIP 

• Single 5V(± 10%) 

• High Speed: 

Access Time 100ns/120ns/150ns 

• Low Power: 

300 mW active, 10 mW standby 

• Fast Page mode (HM511000ZP)/Nibble mode (HM511001ZP)/ 
Static Column (HM511002ZP) 

• 512 Refresh Cycles (8ms) 

• 3 v ariati ons of refresh 

RAS only re fresh 

CAS before RAS refresh 

Hidden refresh 



PIN OUT 

(Bottom View) 



cv^ 



CAS 2 

VSS 4 

WE 6 

NC 8 

NC 10 

Ai 12 

A3 14 

A4 16 

A6 18 

A8 20 



c= 



[ OJ 



1 A9 



DOUT 

din 

RAS 
NC 



11 


A0 


13 


A 2 


15 


vcc 


17 


A 5 


19 


A7 



I 



A0-A9 


Address Inputs 


CAS 


Column Address Strobe 


D, n 


Data In 


Dout 


Data Out 


RAS 


Row Address Strobe 


WE 


Read/Write Input 


vcc 


Power ( + 5V) 


vss 


Ground 


AQ-A8 


Refresh Address Inputs 



Note) The specifications of this device are subject to change without notice. 

Please contact your nearest Hitachi's Sales Dept. regarding specifications. 
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HMSIIOOI Senas, 
HMSIIOOIP Series 



Preliminary 



1048576-word X 1-bit Dynamic Random Access Memory 
■ FEATURES 

• High Speed: Access Time 1 00/1 20/1 50ns (max.) 

• CMOS Low Power: 300mW (active), 10mW (standby) 

• Nibble mode capability 

• 51 2 refresh cycles . . . (8ms) 

• 3 variations of refresh: RAS only refresh 

CAS before RAS refresh 
Hidden refresh 



■ BLOCK DIAGRAM 



RAS 




CAS 


RAS 
Contiol 




CAS 

Control 

C.rcu.t 


t 




* 



WE 

JL_ 



WE 
Control 



i£ 



r-»S i ° 

[V Buffer 



1£ 



Memory Memory ^ 



IF 



Word Driver I I Word Driver I I Word Driver 
Row Decoder Row DecodeT Row DecodeT 



Memory 
Cell 



IE 



^F 



Note) The specifications of this device are subject to change without notice. 

Please contact your nearest Hitachi's Sales Dept. regarding specifications. 




■ PIN ARRANGEMENT 



Dm [7 

we [J 

RAS[T 

nc|T 
AoQT 

Ai[T 
A 2 [7 
AsQT 

Vet \J_ 



IT] Dout 
Hi] CAS 

TsJam 

hJAh 
13) A 7 
12] Ah 

ID A "> 

ToJa, 



(Top View) 



A ~A 9 


Address Inputs 


CAS 


Column Address Strobe 


Din 


Data In 


Dout 


Data Out 


RAS 


Row Address Strobe 


WE 


Read/Write Input 


Vcc 


Power (+5V) 


v S s 


Ground 


Aq "Ag 


Refresh Address Inputs 
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-HM51 1001 Series, HM51 1001P Series 



■ ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to V$s — 1 V to +7V 

Operating temperature, T a (Ambient) to +70 C 

Storage Temperature (Ambient) —65 to +150°C 

Power dissipation 1W 

Short circuit output current 50mA 

■ RECOMMENDED DC OPERATING CONDITIONS (T a = to +70°C) 



Parameter 


Symbol 


min 


typ 


max 


Unit 


Notes 


Supply voltage 


Vcc 


45 


50 


5.5 


V 


1 


Input High voltage 


Vm 


24 


- 


6.5 


V 


1 


Input Low voltage 


VlL 


-2 


- 


08 


V 


1 



Notes) 1 All voltages referenced to V^s 



■ DC ELECTRICAL CHARACTERIS (V C c = 5V ±10% 


,Vss = 


OV, T a = 


to +70°C) 








Parameter 


Symbol 


Test Condition 


HM511001-10 


HM511001-12 


HM511001-15, 


Unit 


Note 


mm. 


max. 


mm. 


max. 


min 


max. 




Operating Current 


l cci 


RAS, CAS Cycling: 
*RC = mm - 


- 


60 


50 


- 


40 


mA 


1 


Standby Current 


f CC2 


RAS,CAS=F///, 
TTL Interface 


- 


2 


- 


2 


- 


2 


mA 




Dout=High Impedance 
CMOS Interface 


- 


1 


- 


1 


- 


1 


mA 




Refresh Current 


! CC3 


RAS only Refresh, 
t RC =mm 


- 


50 


- 


40 


- 


35 


mA 




Standby Current 


ICC5 


RAS=K /H , CAS=F//, 
Dout Enable 


- 


5 


- 


5 


- 


5 


mA 


1 


Refresh Current 


ices 


CAS before RAS 
Refresh, rjjc=min 


- 


50 


- 


40 


- 


35 


mA 




Nibble Mode Supply 
Current 


f CC8 


RAS=K /L , CAS 
Cycling, t NC ~ mm - 


- 


50 


- 


45 


- 


40 


mA 




Input Leakage 


I LI 


V in =0 to +7V 


-10 


10 


-10 


10 


-10 


10 


MA 




Output Leakage 


Ilo 


V out =0 to 7V, 
Dout is disabled 


-10 


10 


-10 


10 


-10 


10 


ma 




Output Levels 


VOH 


/ ou ,=-5mA 


24 


Vcc 


24 


Vcc 


2.4 


Vcc 


V 




Vol 


7 uf =4 2mA 





04 





0.4 





0.4 


V 





Note) 1 . Ice depends on output loading condition when the device is selected, Ice max. is specified at the output 
open condition. 



CAPACITANCE (F CC = 5V ±10%, r fl = 25°C) 



Parameter 


Symbol 


typ 


max 


Unit 


Notes 


Input Capacitance 


Address, Data-in 


C11 


- 


5 


PF 


1 


Clocks 


C12 


- 


7 


1,2 


Output Capacitance 


Data-out 


Co 


- 


7 



Notes) 1 Capacitance measured with Boonton Meter or effective capacitance measuring method 
2 CAS=^ /H to disable Dout 
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HM511001 Series, HM51 1001 P Series - 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(K CC =5V ±10%, V ss = OV, T a = to +70°C) 1) ' 10)al) 



Parameter 


Symbol 


HM511001-10 


HM5 11001 -12 


HM511001-15 


Unit 


Note 


mm. 


max. 


mm. 


max. 


mm. 


max. 


Access Time from RAS 


*RAC 


- 


100 


- 


120 


- 


150 


ns 


2,3 


Access Time from CAS 


f CAC 


- 


50 


- 


60 


- 


75 


ns 


3,4 


Output Buffer Turn-off Delay 


t FF 


- 


25 


- 


30 


- 


40 


ns 


5 


Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 


6 


Random Read or Write Cycle Time 


*RC 


190 


- 


220 


- 


260 


- 


ns 




RAS Precharge Time 


*RP 


80 


- 


90 


- 


100 


- 


ns 




RAS Pulse Width 


f RAS 


100 


10000 


120 


10000 


150 


10000 


ns 




CAS Pulse Width 


*CAS 


50 


10000 


60 


10000 


75 


10000 


ns 




RAS to CAS Delay Time 


*RCD 


25 


50 


?5 


60 


30 


75 


ns 


7 


RAS Hold Time 


'flSH 


50 


- 


60 


- 


75 


- 


ns 




CAS Hold Time 


tCSH 


100 


- 


120 


- 


150 


- 


ns 




CAS to RAS Precharge Time 


*CRP 


10 


- 


10 


- 


10 


- 


ns 




Row Address Setup Time 


*ASR 





- 





- 





- 


ns 




Row Address Hold Time 


{ RAH 


15 


- 


15 


- 


20 


- 


ns 




Column Address Setup Time 


*ASC 





- 





- 





- 


ns 




Column Address Hold Time 


t CAH 


20 


- 


20 


- 


25 


- 


ns 




Write Command Setup Time 


*WCS 





- 





- 





- 


ns 


8 


Write Command Hold Time 


{ WCH 


25 


- 


25 


- 


30 


- 


ns 




Write Command Pulse Width 


*WP 


15 


- 


20 


- 


25 


- 


ns 




Write Command to RAS Lead Time 


*RWL 


35 


- 


40 


- 


45 


- 


ns 




Write Command to CAS Lead Time 


tCWL 


35 


- 


40 


- 


45 


- 


ns 




Data-in Setup Time 


*DS 





- 





- 





- 


ns 


9 


Data-in Hold Time 


t DH 


25 


- 


25 


- 


30 


- 


ns 


8,9 


Read Command Setup Time 


*RCS 





- 





- 





- 


ns 




Read Command Hold Time referenced 
to CAS 


t RCH 





- 





- 





- 


ns 




Read Command Hold Time referenced 
to RAS 


*RRH 


10 


- 


10 


- 


10 


- 


ns 




Refresh Period 


*REF 


- 


8 


- 


8 


- 


8 


ms 




Read-Write Cycle Time 


f RWC 


230 


- 


265 


- 


310 


- 


ns 




Read Modify Write Cycle Time 


*RWS 


140 


- 


165 


- 


200 


- 


ns 




RAS to WE Delay 


*RWD 


100 


- 


120 


- 


150 


- 


ns 




CAS to WE Delay 


tCWD 


40 


- 


50 


- 


65 


- 


ns 


8 


CAS Setup Time 


tCSR 


10 


~ 


10 


- 


10 


- 


ns 




CAS Hold Time 

(CAS before RAS Refresh) 


*CHR 


20 


- 


25 


- 


30 


- 


ns 




RAS Precharge to CAS Hold Time 


*RPC 


10 


- 


10 


- 


10 


- 


ns 




Nibble Mode Access Time 


*NAC 


- 


30 


- 


35 


- 


40 


ns 




Nibble Mode Cycle Time 


*NC 


50 


- 


55 


- 


65 


- 


ns 




Nibble Mode CAS Precharge Time 


*NCP 


10 


- 


10 


- 


15 


- 


ns 




Nibble Mode CAS Pulse Width 


{ NCA 


30 


- 


35 


- 


40 


- 


ns 




Nibble Mode RAS Hold Time 


*NRSH 


40 


- 


50 


- 


65 


- 


ns 
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- HM51 1 001 Series, HM51 1 001 P Series 



Notes) 

1 . AC measurements assume tj< - 5ns. 

Assumes that t rcd^ fjRCZ>( max )- If f RCD is greater 
than the maximum recommended value shown in 
this table, f jj^c exceeds the value shown. 
Measured with a load circuit equivalent to 2TTL 
loads and lOOpF. 
Assumes that fj?cz>i^JRCD( max )- 
fOj?jr(max) defines the time at which the output 
achieves the open circuit condition and is not re- 
ferenced to output voltage levels. 
K///(min) and K/ L (max) are reference levels for 
measuring timmg of input signals. Also, transition 
times are measured between V IH and V IL . 
Operation with the f/j CO (max) limit insures that 
rjj A c(max) can be met, f j{cD( max ) * s specified as a 
reference point only, if t^ C D is greater than the 
specified t^ C £)(ma.x) limit, then access time is con- 
trolled exclusively be t CAC . 



2. 



6. 



10. 



{ WCS an( * *CWD are not restrictive operating par- 
ameters. They are included in the data sheet as elec- 
trical characteristics only, if t wcs ^t wcs (min), the 
cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout 
the entire cycle ; if f cw.D = *c WD^ mm ^ l ^e cycle is a 
read/write and the data output will contain data read 
from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out 

(at access time) is indeterminate 

These parameters are referenced to CAS leading edge 
in early write cycles and to WE leading edge in 
delayed write or read-modify-wnte cycles 
An initial pause of 100ms is required after power-up. 
Then execute at least 8 initialization cycles 
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HM511001 Series, HM51 1001 P Series - 



■ TIMING WAVEFORMS 
• Read Cycle 



RAS 



CAS 



x 



Addr 



X 



y-^r~\ 



K 



XX 



WE 



Dout 



y 



-/ 



x 



\ 



<^ Valid Data ^> 



• Write Cycle (Early Write) 



RAS 



CAS 



K 



tAsR 



WE 



Din 



Dout 



\ 



tRAH 



Address 1, O! 



/ "" \ 



ttSH 



'/ 



\ 



I 



'L 



y^ Valid Data 7^ 



Hi Z 
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• Read -Modify -Write Cycle 



RAS 



CAS 



x 



tASR 



Address 



WE 



X 



X 



Din 



Dout 



tASC 



xs: 



7 



x 



>GZ\ 



Y 



\=±. 



^ Valid Data ^ 



fC/lC 



<^' Valid Data "^>- 



• RA5 Only Refresh Cycle 



RAS 



CAS 



Address 



X 



tCRP 



znzz 



v 



tRPC 



X 



HITACHI 
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HM51 1 001 Series, HM51 1 001 P Series - 
• Hidden Refresh Cycle 



RAS SJ 


(HEAD) I 


\ ( REFRESH ) / 






CAS 




tRU) /W.s// r 




tCAS 


tRAS 








tRAH 

tAS 


C 




tCHR 








\ 


% 




t.ASH 


tCAH 






dress 


21 


;< 




V 




WE 
Dout — 




/KCi> 


— 




tRHH 






/ 


U AC 


\ 








tLAL 




tOFF 


S 




* 


S 
















_,' 



• CAS Before RAS Refresh Cycle 



RAS 



CAS 



Address 



tCSR 



\ tRAS J V 



X V ~ 



Don't care 
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- HM51 1 001 Series, HM51 1 001 P Series 



• Nibble Mode Read Cycle 



RAS / tRP \ 



CAS 



Address 



WE 



Dout 



• Nibble Mode Write Cycle 



RAS 



CAS 



Address \; ^ 




fives 



WE 



Din 



Dout 



X 



tDS tDH ' tDS — 



tWCH 



I 




£2±JZ\ 



nr^r^r ^>r^K t 



Hi-Z 
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HM51 1 001 Series, HM51 1 001 P Series - 



• Nibble Mode Read Modify Write Cycle 



CAS 



Address 



Din 



Dout 



Vil 

Vih • 

Vil ■ 

Voh 
Vol 



tRAS 




Ids 



twp 



ft i Data ft / 



Tnwp 



JrVaiid\ 

Data 



V VvaTidV yvaTiry 

j\_7\Data/V7\Data A 



tSAC 



^^VaTIdA i 'VaTid'X / ValidX / "ValidX 

^Data /\ Data / ~ \ Data / ~ \ Data / 
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HMS11002 
HM511002P 



Preliminary 



1048576-word x 1-bit Dynamic Random Access Memory 

■ FEATURES 

• Single 5V (±10%) 

• High speed: Access Time 100ns/120ns/150ns 

• CMOS Low Power: 300mW active, 10mW standby 

• Static Column mode 

• 512 refresh cycles — (8ms) 

• 3 variations of refresh 

RAS only refresh 

CS before RAS refresh 

Hidden refresh 



■ BLOCK DIAGRAM 



RAS 




CS 


RAS 

Contiol 

C.rcu.t 




C5" 

Control 
C.rcu.t 


1 




1 



WE 



WE 
Control 



128k 
Memor 






r-K I 
rV Buffer 



-Din 
*Dout 



1£ 



l£ 



128k 

4emorv ^ 



Address Buffer 



Column Address Buffer 



IE 



zr 



HM51 1002 Series 




(DG-18A) 



HM511002P Series 



4* 



(DP-18B) 



PIN ARRA 


NGEMEN 


T 


Dm \T 




Tb] V'ss 


we|T 




Tf| Dout 


RAS [7 




16] CS 


\c (T 




7?] A9 


\o [T 




77] ^« 


x,[? 




77] A; 


a,E 




77] Ae 


x,[T 




77] As 


We [7 




To] a 4 



(Top View) 



Note) The specifications of this device are subject to change without notice. 

Please contact your nearest Hitachi's Sales Dept. regarding specifications. 



A0~ 


A9 


Address Inputs 


CS 


Chip Select 


D in 


Data In 


Dout 


Data Out 


RAS 


Row Address Strobe 


WE 


Read/Write Input 


Vcc 


Power ( + 5V) 


Vss 


Ground 


A0~ 


A8 


Refresh Address Inputs 
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HM51 1 002 Series, HM51 1 002P Series - 



■ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to V$s'. -1V to +7V 
Operating temperature, T a (Ambient): 0°C to +70° C 
Storage temperature (Ambient): 

-65°Cto+150°C(Cerdip) 

-55°C to +125°C (Plastic) 
Power dissipation: 1W 
Short circuit output current: 50mA 

■RECOMMENDED DC OPERATING CONDITIONS ( Ta=0 to +70°C) 



Parameter 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


45 


5.0 


5.5 


V 


Input High Voltage 


VlH 


2.4 


- 


6.5 


V 


Input Low Voltage 


VlL 


-2.0 


- 


0.8 


V 



Notes All voltages referenced to Vss 



IDC ELECTRICAL CHARACTERISTICS (Ta=0 to +70C, Vcc = W±10%, Vss=0V) 



Parameter 


Symbol 


mm 


max 


Unit 


Notes 




tRC= 260ns 


Iccx 


- 


40 


mA 




Operating current 


tRc= 220ns 


50 


1 




tut = 190ns 


60 




Standby current 


RAS, CS = V IH 


ICC2 


- 


2 


mA 


TTL Interface 


Dout = High - Z 


- 


1 


mA 


CMOS Interface 




tRC= 260ns 


Iccz 


- 


35 


mA 




Refreshcurrent 


tRc= 220ns 


40 


RAS only Refresh 




/kc= 190ns 


50 




Standby current (D ou t Enable, RAS = Vt H , C 


"s = v IL 


Ices 


- 


5 


mA 


1 




tRc = 260ns 


ICC6 


- 


35 


mA 


CS before 


Refresh current 


tRc= 220ns 


40 




/«c= 190ns 


50 


RAS Refresh 




tRcs, t wcs =65ns 


ICC9 


- 


T.B.D. 


mA 




Operating current 


tRCs, twcs =55ns 


Static Column mode 




tRcs, twcs =45ns 




Input leakage 0< Vin< 7V 


I LI 


-10 


10 


AlA 




Output leakage 0< Vo* < 7V 


Ilo 


-10 


10 


M 


Dout is disabled 


Output levels High 


7o U( --5mA 


VOH 


24 


Vcc 


V 




Low 


/ 0U( =4 2mA 


Vol 





04 


V 





IAC ELECTRICAL CHARACTERISTICS 



Symbol 


Parameter 


typ 


max 


Unit 


Notes 


Cn 


Address, Data-in 


- 


5 


pF 


2 


Cn 


Clocks, Data-out 


- 


7 


pF 


2,3 



Notes: I. Ice depends on output loading condition wen the device is se- 
lected, Ice max is specified at the output open condition. 

2. Capacitance measured with Boonton Meter or effective 
capacitance measuring method. 

3. CS= Vih to disable Dout. 
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IELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Ta=Oto +70°C, Vcc=5V ±10%) 



Parameter 


Symbol 


HM511002-10 


HM511002-12 


HM511002-15 


Unit 


Notes 


min. 


max. 


min. 


max. 


min. 


max. 


Random Read or Write Cycle Time 


tRC 


190 


- 


220 


- 


260 


- 


ns 




RAS Precharge Time 


tRP 


80 


- 


90 


- 


100 


- 


ns 




RAS Pulse Width 


tRAS 


100 


10000 


120 


10000 


150 


10000 


ns 




CS Pulse Width 


tcs 


20 


- 


25 


- 


30 


- 


ns 




RAS to CS Delay Time 


tRCD 


25 


80 


25 


95 


30 


120 


ns 


8 


RAS to Column Address Delay Time 


tRAD 


20 


60 


20 


70 


25 


85 


ns 


9 


Read RAS Hold Time 


tRRSH 


20 


- 


25 


- 


30 


- 


ns 




Write RAS~Hold Time 


tWRSH 


50 


- 


60 


- 


75 


- 


ns 




CS Hold Time 


tcSH 


100 


- 


120 


- 


150 


- 


ns 




CS to RAS Precharge Time 


tcRP 


10 


- 


10 


- 


10 


- 


ns 




Row Address Set-up Time 


tASR 





- 





- 





- 


ns 




Row Address Hold Time 


tRAH 


15 


- 


15 


- 


20 


- 


ns 




Transition Time (Rise and Fall) 


tT 


3 


50 


3 


50 


3 


50 


ns 


7 


Refresh Period 


tREF 


- 


8 


- 


8 


- 


8 


ms 




Access Time from RAS 


tRAC 


- 


100 


- 


120 


- 


150 


ns 


2,3 


Access Time from CS 


tCAC 


- 


20 


- 


25 


- 


30 


ns 


3,4 


Access Time from Address 


tAA 


- 


40 


- 


50 


- 


65 


ns 


3, 5, 14 


Column Address Hold Time to RAS on Read 


tAR 


100 


- 


120 


- 


150 


- 


ns 




Read Command Set-up Time 


tRCS 





- 





- 





- 


ns 




Read Command Hold Time to CS 


tRCH 





- 





- 





- 


ns 




Read Command Hold Time to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


ns 




Column Address to RAS Lead Time 


tRAL 


40 


- 


50 


- 


65 


- 


ns 




RAS to Column Address Hold Time 


tAH 


15 


- 


15 


- 


20 


- 


ns 


16 


Output Hold Time from Address 


toH 


5 


- 


5 


- 


5 


- 


ns 




Output Buffer Turn-off Time 


toFF 





25 





30 





35 


ns 


6 


Column Address Set-up Time 


tASC 





- 





- 





- 


ns 




Column Address Hold Time 


tCAH 


20 


- 


20 


- 


25 


- 


ns 




Column Address Hold Time to RAS on Write 


tAWR 


80 


- 


90 


- 


110 


- 


ns 




Write Command Set-up Time 


twcs 


1 


- 





- 





- 


ns 


10 


Write Command Hold Time 


twCH 


20 


- 


25 


- 


30 


- 


ns 




Write Command Hold Time to RAS 


twCR 


80 


- 


95 


- 


115 


- 


ns 




Write Command Pulse Width 


tup 


15 


- 


20 


- 


25 


- 


ns 




Write Command to RAS Lead Time 


tRWL 


35 


- 


40 


- 


45 


- 


ns 




Write Command to CS Lead Time 


tcWL 


35 


- 


40 


- 


45 


- 


ns 




Data-in Set-up Time 


tDS 





- 





- 





- 


ns 


11 


Detain Hold Time 


tDH 


20 


- 


25 


- 


30 


- 


ns 


10,11 


Data-in Hold Time to RAS 


tDHR 


80 


- 


90 


- 


110 


- 


ns 




Read-Write Cycle Time 


tRWC 


215 


- 


250 


- 


295 


- 


ns 




RAS to WE Delay Time 


tRWD 


100 


- 


120 


- 


150 


- 


ns 


10 


CS to WE Delay Time 


tctoD 


20 


- 


25 


- 


30 


- 


ns 


10 


Column Address to WE Delay Time 


tAWD 


40 


- 


50 


- 


65 


- 


ns 


10 


Output Hold Time from WE 


toHW 


35 


- 


40 


- 


45 


- 


ns 




CS Set-up Time (CS before RAS Refresh) 


tcSR 


10 


- 


10 


- 


10 


- 


ns 





I 



(to be continued) 
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Parameter 


Symbol 


HM511002-10 


HM511002-12 


HM511002-15 


Unit 


Notes 


min. 


max. 


min. 


max. 


min. 


max. 


CS Hold Time (CS before RAS Refresh) 


tcHR 


20 


- 


25 


- 


30 


- 


ns 




RAS precharge to CS Hold Time 


tRPC 


10 


- 


10 


- 


10 


- 


ns 




• SC Mode Cycle (7k=0to + 70°C, Fcc=5V±10%) 


Parameter 


Symbol 


HM511002-10 


HM511002-12 


HM511002-15 


Unit 


Notes 


mm. 


max 


min. 


max. 


min. 


max. 


SC Mode Cycle Time on Read 


tRSC 


45 


- 


55 


- 


70 


- 


ns 




SC Mode Cycle Time on Write 


twsc 


45 


- 


55 


- 


70 


- 


ns 




SC Mode RAS Pulse Width 


tRASC 


60 


140000 


70 


140000 


90 


140000 


ns 




RAS to Second WE Delay Time 


tRSW 


105 


- 


125 


- 


155 


- 


ns 




CS Precharge Time 


tcp 


10 


- 


15 


- 


15 


- 


ns 




Write Invalid Time 


twi 


10 


- 


15 


- 


15 


- 


ns 




• SC Mode Read-Modify-Write and Mixed Cycle (7fl=0to +70°C, Vcc = 5V ±10%) 


Parameter 


Symbol 


HM511002-10 


HM511002-12 


HM511002-15 


Unit 


Notes 


min. 


max 


min. 


max. 


min. 


max. 


SC Mode Cycle Time on Read- Write 


tRWSC 


85 


- 


105 


- 


135 


- 


ns 


12 


Access Time from Previous WE 


tpWA 


- 


80 


- 


100 


- 


130 


ns 


3,13 


Previous WE to Column Address Delay Time 


tWAD 


25 


40 


25 


50 


30 


65 


ns 


15 


Column Address Hold Time to Previous WE 


tpWH 


80 


- 


100 


- 


130 


- 


ns 





Notes: 1. 
2. 

3. 
4. 
5. 
6. 



10. 



11. 



12. 
13. 



14. 
15. 



16. 

17. 
18. 



AC measurements assume tj = 5ns. 

Assumes that tRCD = tRCD (max) and tRAD ^ tRAD (max). If tRCD or tRAD * s greater than the maximum 
recommended value shown in this table, tRAC exceeds the value shown. 
Measured with a load circuit equivalent to 2TTL loads and lOOpF. 
Assumes that tRCD = *RCD (max), tRAD = tRAD (max). 
Assumes that tRCD =* *RCD (max) and tRAD = tRAD (max). 

tQff (max) defines the time at which the output achieves the open circuit condition and is not referenced to 
output voltage levels. 

V/ff (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vjff and Vj^. 

Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a re- 
ference point only, if tRCD * s greater than the specified tRCD (max) limit, then access time is controlled ex- 
clusively by ?C4 co- 
operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a 
Reference point only, if tRAD * s greater than the specified tRAD (max) limit, then access time is controlled 
exclusively by tAA - 

tWCS' tRWD> tCWD an( * tAWD are not restrictive operating parameters. They are included in the data sheet as 
electrical characteristics only: if tWCS — tWCS (min), the cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout the entire cycle; if tRWD ^ *RWD (min), t£WD = ( CWD 
(min) and tAWD = tAWD (min), the cycle is a read/write and the data output will contain data read from the 
selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access time) 

is indeterminate. 

These parameters are referenced to CS leading edge in early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 
tRWSC (min) = tAWD (min) + tWAD (max) + tj. 

Assumes that tWAD S f WAD (max). If tWAD ls greater than the maximum recomended value shown in this 
table tpwA exceeds the value shown. 
Assumes that tWAD f= ( WAD (max). 

Operation with the tWAD (max) limit insures that tpwA (max) can be met, tWAD (max) is specified as a Re- 
ference point only, if tWAD * s greater than the specified t^AD (max) limit, then access time is controlled ex- 
clusively by tAA • 

tAH defines the time at which the column address hold. 

An initial pause of 1 00/us i s required after power-up then execute at least 8 initialization cycles. 
At least, 8 CS before RAS refresh cycle are required before using internal refresh counter. 
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ITIMING WAVEFORMS 

> Read Cycle 
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• Write Cycle 
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HM51 1 002 Series, HM51 1 002P Series - 

• Read Modify Write Cycle 

RAS 



M 
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• RAS Only Refresh Cycle 
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>CS Before RAS Refresh Cycle 
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• Static Column Mode Read Cycle 

RAS 



X 



^ ////////, 



\ 



r~\.. 



Column 1 V Column 2 )C Column J 



yf— — 1\ 



^ 



» 




HC 



• Static Column Mode Write Cycle 
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HM51 1 002 Series, HM51 1 002P Series- 



• Static Column Mode Read-Modify-Write Cycle 



\ 
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\ 
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• Static Column Mode Mixed Cycle 

RAS 
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262,144 x 4 bit Dynamic Random Access Memory 

■ FEATURES 

• 300 mil 20 pin DIP 

• Single 5V(± 10%) 

• High Speed: 

Access Time 100ns/120ns/150ns 

• Low Power: 

300 mW active, 10 mW standby 

• Fast Page mode 

• 512 Refresh Cycles (8ms) 

• 2 v ariati ons of refresh 

RAS only re fresh 

CAS before RAS refresh 



Preliminary 



PIN OUT 



(Top View) 



1/01 [2 1 
I/02 Q 2 
WE 



RAS 
NC 
A0 
A1 
A2 



A3Q 

vcc 



^] I/04 
I/03 



vss 



CAS 



■J OE 

~Z] A8 

4[]A7 
A6 



2p A 5 
A4 



TARGET SPEC. 




DP-20N 



I 



Ao-A8 


Address Inputs 


CAS 


Column Address Strobe 


I/Oi~I/04 


Data In/Data Out 


OE 


Output Enable 


RAS 


Row Address Strobe 


WE 


Read/Write Input 


vcc 


Power (+5V) 


vss 


Ground 


AQ-A8 


Refresh Address Inputs 



Note) The specifications of this device are subject to change without notice. 

Please contact your nearest Hitachi's Sales Dept. regarding specifications. 
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HM53461P Series 



65,536-word x 4 bit Multi Port Dynamic Random Access Memory 



The HM53461P is a 262, 144 bit multi port memory equipped 
with a 64k word x 4 bit Dynamic RAM port and a 256 word x 4 
bit Serial Access Memory (SAM) port. The SAM port is connected 
to an internal 1,024 bit data register through a 256 word x 4 bit 
serial read or write access control. In the read data transfer cycle, 
the memory cell data is transferred from a selected word line of 
the RAM port to the data register. The RAM port has a write 
mask capability in addition to the conventional operation mode. 
Write bit selection out of 4 data bit can be achieved. 

Utilizing the Hitachi 2/um CMOS process, fast serial access 
operation and low power dissipation are realized. All inputs and 
outputs, including clocks, are TTL compatible. The package is a 
400mil 24-pin dual-in-line plastic package. 

■ FEATURES 

• Multi port organization 

(RAM; 64k word x 4 bit and SAM; 256 word x 4 bit) 

• 400mil 24-pin dual-in line plastic package 

• Double layer polysilicon/polyicide n-well CMOS process 

• Single 5V (±10%) 

• Low power Active RAM; 380mW max. 

SAM; 220mWmax. 
Standby 40mW max. 

• Access Time RAM; 100ns/120ns/150ns 

SAM; 40ns/40ns/60ns 

• Cycle Time Random read or write cycle time (RAM) 

190ns/220ns/260ns 

Serial read or write cycle time (SAM) 

40ns/40ns/60ns 

• TTL compatible 

• 256 refresh cycles 4ms 

• Refresh function R AS only refresh 

CAS before RAS refresh 
Hidden refresh 

• Data transfer operation (RAM-^SAM) 

• Fast serial access operation asynchronous from RAM port 
except data transfer cycle 

• Real time read transfer capability 

• Write mask mode capability 




PIN ARRANGEMENT 




(Top View) 
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■ BLOCK DIAGRAM 



CAS 




RAS CAS 



V0 2 

_2_ 



I/O buffer 



I/0 3 



I/O buffer 



64K memory 
array 



64K memory 
array 



256 data 
register 



256 data 
register 



SI/O buffer 



si/o 2 



6^ 
si/03 



1/O4 



I/O buffer 



64K memory 
array 



256 data 
register 



SI/O buffer ♦" 



si/04 



UE clook 
generator 



DT/OE 



Transfer 
control 



SOE clock 
generator 

T 



SC clock 
generater 



)SOE 



>SC 



Vqb generator 



■ ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to V$s -1 V to +7V 

Operating temperature, Ta (Ambient) 0°C to +70°C 

Storage temperature -55 C to +125 C 

Short circuit output current 50mA 

Power voltage -0.5V to +7V 
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■ RECOMMENDED DC OPERATING CONDITIONS (T a =0 to +70°C) 



Parameter 


Symbol 


min. 


typ. 


max. 


Unit 


Supply voltage 


v C c ^ 


4.5 


5.0 


5.5 


V 


Input High voltage 


VlH 


2.4 


- 


6.5 


V 


Input Low voltage 


VlL 


-1.0 


- 


0.8 


V 



Note: All voltages referenced to V§s 



DC ELECTRICAL CHARACTERISTICS (Ta = to+70°C, V CC = 5V ± 10%, Vss = 0V) 



RAM PORT 


Symbol 


SAM PORT 


HM53461P 
-10 


HM53461P 
-12 


HM53461P 
-15 


Unit 


Standby 


Active 


Operating current RAS, CAS cycling 


J CCl 


o 


X 


70 


60 


50 


mA 


^c s min - 


tea 


X 


o 


110 


100 


80 


mA 


Standby current RAS, CAS * V IH 


7 CC2 


o 


X 


7 


7 


7 


mA 


f CC& 


X 


o 


40 


40 


30 


mA 


RAS only refresh current 


J CC3 


o 


X 


60 


50 


40 


mA 


CAS = K///, RAS cycling t^c = min. 


f CC9 


X 


o 


100 


90 


70 


mA 


Page mode current RAS = V IL , 
CAS cycling tpc ' min. 


J CCA 


o 


X 


50 


40 


35 


mA 


J CC10 


X 


o 


90 


80 


65 


mA 


CBR refresh current RAS cycling 


ices 


o 


X 


60 


50 


40 


mA 


t RC =mm. 


7 CC11 


X 


o 


100 


90 


70 


mA 


Data transfer current 


J CC6 


o 


X 


75 


65 


55 


mA 


RAS, CAS cycling t^c ~ min. 

— ._ 


J CC12 


X 


o 


115 


105 


85 


mA 



Parameter 


Symbol 


min. 


max. 


Unit 


Input leakage 


//L 


-10 


10 


MA 


Output leakage 


lOL 


-10 


10 


ma 


Output high voltage Io H =-2mA 


VOH 


2.4 


- 


V 


Output low voltage Iql~^ -2mA 


Vol 


- 


0.4 


V 



INPUT/OUTPUT CAPACITANCE 



Symbol 


Parameter 


typ. 


max. 


Unit 


Address 


CI1 


- 


5 


pF 


Clocks 


CI2 


- 


5 


PF 


I/O, SI/O 


CI3 


- 


7 


pF 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING 
CONDITIONS (T a =0 to +70°C, F CC =5V±10%, V S s=0V)V< l V> l V 



HM53461P Series 



Parameter 


Symbol 


HM53461P-10 


HM53461P-12 


HM53461P-15 


Unit 


Note 


min. 


max. 


min. 


max. 


min. 


max. 


Random Read or Write Cycle Time 


*RC 


190 


- 


220 


- 


260 


- 


ns 




Read Modify Write Cycle Time 


*RWC 


260 


- 


300 


- 


355 


- 


ns 




Page Mode Cycle Time 


*PC 


70 


- 


85 


- 


105 


- 


ns 




Access Time from RAS 


*RAC 


- 


100 


- 


120 


- 


150 


ns 


2,3 


Access Time from CAS 


t CAC 


- 


50 


- 


60 


- 


75 


ns 


3,4 


Output Buffer Turn Off Delay referenced to CAS 


tOFFl 





25 





30 





40 


ns 


5 


Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 


6 


RAS Precharge Time 


( RP 


80 


- 


90 


- 


100 


- 


ns 




RAS Pulse Width 


*RAS 


100 


30000 


120 


30000 


150 


30000 


ns 




CAS Pulse Width 


*CAS 


50 


30000 


60 


30000 


75 


30000 


ns 




RAS to CAS Delay Time 


*RCD 


25 


50 


25 


60 


30 


75 


ns 


7 


RAS Hold Time 


*RSH 


50 


- 


60 


- 


75 


- 


ns 




CAS Hold Time 


*CSH 


100 


- 


120 


- 


150 


- 


ns 




CAS to RAS Precharge Time 


*CRP 


10 


- 


10 


- 


10 


- 


ns 




Row Address Set-up Time 


*ASR 





- 





- 





- 


ns 




Row Address Hold Time 


*RAH 


15 


- 


15 


- 


20 


- 


ns 




Column Address Set-up Time 


*ASC 





- 





- 





- 


ns 




Column Address Hold Time 


t CAH 


20 


- 


20 


- 


25 


- 


ns 




Write Command Set-up Time 


*WCS 





- 





- 





- 


ns 


8 


Write Command Hold Time 


tVJCH 


25 


- 


25 


- 


30 


- 


ns 




Write Command Pulse Width 


*WP 


15 


- 


20 


- 


25 


- 


ns 




Write Command to RAS Lead Time 


*RWL 


35 


- 


40 


- 


45 


- 


ns 




Write Command to CAS Lead Time 


*CWL 


35 


- 


40 


- 


45 


- 


ns 




Data-in Set-up Time 


*DS 





- 





- 





- 


ns 


9 


Data-in Hold Time 


t DH 


25 


- 


25 


- 


30 


- 


ns 


8,9 


Read Command Set-up Time 


*RCS 





- 





- 





- 


ns 




Read Command Hold Time 


t RCH 





- 





- 





- 


ns 




Read Command Hold Time referenced to RAS 


*RRH 


10 


- 


10 


- 


10 


- 


ns 




Refresh Period 


*REF 


- 


4 


- 


4 


- 


4 


ms 




RAS Pulse Width (Read Modify Write Cycle) 


*RWS 


170 


- 


200 


- 


245 


- 


ns 




CAS to WE Delay 


*CWD 


85 


- 


100 


- 


125 


- 


ns 


8 


CAS Set-up Time (CAS before RAS refresh) 


*CSR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time (CAS before RAS refresh) 


*CHR 


20 


- 


25 


- 


30 


- 


ns 




RAS Precharge to CAS Hold Time 


*RPC 


10 


- 


10 


- 


10 


- 


ns 




CAS Precharge Time 


*CP 


10 


- 


15 


- 


20 


- 


ns 




Access Time from OE 


tO AC 


- 


30 


- 


35 


- 


40 


ns 




Output Buffer Turn-off Delay referenced to OE 


t OFF2 





25 





30 





40 


ns 




OE to Data-in Delay Time 


tODD 


25 


- 


30 


- 


40 


- 


ns 




OE Hold Time referenced to WE 


f OEH 


10 


- 


15 


- 


20 


- 


ns 




Data-in to CAS Delay Time 


*DZC 





- 





- 





- 


ns 




Data-in to OE Delay Time 


*DZO 





- 





- 





- 


ns 




OE to RAS Delay Time 


*ORD 


25 


- 


30 


- 


40 


- 


ns 





I 
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Symbol 


HM53461P-10 


HM53461P-12 


HM53461P-15 


Unit 


Note 




min. 


max. 


min. 


max. 


min. 


max. 


Serial Clock Cycle Time 


r SCC 


40 


- 


40 


- 


60 


- 


ns 




Access Time from SC 


*SCA 


- 


40 


- 


40 


- 


60 


ns 


10 


Access Time from SOE 


*SEA 


- 


25 


- 


30 


- 


40 


ns 


10 


SC Pulse Width 


r SC 


10 


- 


10 


- 


10 


- 


ns 




SC Precharge Width 


*SCP 


10 


- 


10 


- 


10 


- 


ns 




Serial Data-out Hold Time after SC High 


*SOH 


10 


- 


10 


- 


10 


- 


ns 




Serial Output Buffer Turn-off Delay from SOE 


X SEZ 





25 





25 





30 


ns 




Serial Data-in Set-up Time 


t SlS 





- 





- 





- 


ns 




Serial Data-in Hold Time 


f SIH 


15 


- 


20 


- 


25 


- 


ns 




DT to RAS Set-up Time 


*DTS 





- 





- 





- 


ns 




DTto RAS Hold Time(ReadData Transfer Cycle) 


l RDH 


80 


- 


90 


- 


110 


- 


ns 




DT to RAS Hold Time 


*DTH 


15 


- 


15 


- 


20 


- 


ns 




DT to CAS Hold Time 


r CDH 


20 


- 


30 


- 


45 


- 


ns 




Last SC to DT Delay Time 


*SDD 


5 


- 


5 


- 


10 


- 


ns 




First SC to DT Hold Time 


f SDH 


20 


- 


25 


- 


30 


- 


ns 




DT to RAS Delay Time 


*DTR 


10 


- 


10 


- 


10 


- 


ns 




WE to RAS Set-up Time 


*WS 





- 





- 





- 


ns 




WE to RAS Hold Time 


( WH 


15 


- 


15 


- 


20 


- 


ms 




I/O to RAS Set-up Time 


*MS 





- 





- 





- 


ns 




I/O to RAS Hold Time 


r MH 


15 


- 


15 


- 


20 


- 


ns 




Serial Output Buffer Turn off Delay from RAS 


*SRZ 


10 


50 


10 


60 


10 


75 


ns 




SC to RAS Set-up Time 


*SRS 


30 


- 


40 


- 


45 


- 


ns 




RAS to SC Delay Time 


tSRD 


25 


- 


30 


- 


35 


- 


ns 




Serial Data Input Delay Time from RAS 


*SID 


50 


- 


60 


- 


75 


- 


ns 




Serial Data Input to DT Delay Time 


r SZD 





- 





- 





- 


ns 




SOE to RAS Set-up Time 


f ES 





- 





- 





- 


ns 




SOE to RAS Hold Time 


l EH 


15 


- 


15 


- 


20 


- 


ns 




Serial Read Enable Set-up Time 


l SWS 





- 





- 





- 


ns 




Serial Write Enable Hold Time 


f SWH 


35 


- 


35 


- 


55 


- 


ns 




Serial Write Disable Set-up Time 


*SWIS 





- 





_ 





- 


ns 




Serial Write Disable Hold Time 


tSWIH 


35 


- 


35 


- 


55 


- 


ns 




DT to Sout in Low-Z Delay Time 


*DLZ 


5 


- 


10 


- 


10 


- 


ns 
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Notes) 

1 . AC measurements assume ty =5ns. 

2.Assumes that t RCD £ tRCD (m2ix). If t RCD is greater 
than the maximum recommended value shown in this 
table, fjtAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads 
and lOOpF. 

4. Assumes that t RCD ^ tRCD ( m2iX ). 

5.foFF( max ) defines the time at which the output 
achieves the open circuit condition and is not referenced 
to output voltage levels. 

6. K///(min) and Kj£,(max) are reference levels for measur- 
ing timing of input signals. Also, transition times are 
measured between K///and Vj^. 

7. Operation with the f#cD( max ) um ^ insures that t R AQ 
(max) can be met, f jjc^max) * s specified as a reference 
point only, if t R cD * s greater than the specified t R cD 
(max) limit, then access time is controlled exclusively be 
*CAC. 



&' f WCS anc * tcWD are not restrictive operating parameters. 
They are included in the data sheet as electrical charac- 
teristics only: if t wcs ^. / wcs (min), the cycle is an early 
write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if fcwx> 
=fcw£>(min), the cycle is a read/write and the data 
output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the 
condition of the data out (at access time) is indeter- 
minate. 

9. These parameters are referenced to CAS leading edge in 
early write cycle and to WE leading edge in delayed 
write or read-modify-write cycles. 

10. Measured with a load circuit equivalent to 2TTL and 
50pF. 

11. An initial pause of 100/us is required after power-up. 
Then execute at least 8 initialization cycles. 



I 
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HM53461PSeries- 



■ WAVE FORMS 
• READ CYCLE 



RAS 



CAS • 



x 



wp ^ 



?* * «S£ *\ 



^m7r Z&%^W//jY/#77Z7Z 



m Y////////// S 



i/o 

(Output) 



i/o 7j 

(Input) 



^ 



^* 



tDTS tDTH 



V 



< 



DT/OE 



~yr WZ2±> X 



W/////A 



tOFh 1 



VALID 
Dout 



tOFF2 



<^ 



Y/A Do not care 
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• EARLY WRITE CYCLE 



RAS« 



CAS- 



Address 



s: 



ft. 



tCSH 



X 



WE 



%8. 



X 



•y 



z^rzm 



I/O ' 
(Input) 



I/O 
(Output) 



DT/OE ■ 



w///////////, 



■ ///////////, 



*r y\v)$Pp////////////A 



High Z 



2* W///////////////Z777? 



/ ^^ Do not care 

Note 1) When W| is "H" level, the all data on the I/O can be written into the cell. 

When WE is "L" level, the data on the I/O are not written except for when I/O is 'high' at the falling edge of RAS. 
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• DELAYED WRITE CYCLE 



RAS- 



M 



CAS- 



Address 



y. 



7- 



WE 



X 



XX 



X 



DT/OE 



f 



Y 



WII/II///IIIIII7. 



W77k^—J //// //////// 



X////////////////7 



>sst-z-i®r^-^. Mill llll II II 



I/O 
(Output)" 



High-Z 



\//A Do not care 



Note 1) When WE is "H" level, all the data on 1/01-4 can be written into the memory cell. 

When WE is "L" level, the data on I/Os are not written exept for when I/0="H" at the falling edge of RAS. 

• READ MODIFY WRITE CYCLE 

RAS- 



Y 



Uri> 



CAS- 



Address 



xx: 



\ 



"TDLJdf' 



i/o 7 

(Input) 



2Z>G 



tM tir/.c 



I/O 
(Output) " 



mi^UJj 



> 



/ 



EV 



:kzzzzzzzzzzzzzzzs 



WhJ 



-tLWL- 
-tRHL- 



\ -^tf777777T, 



3 f VALID ^t 

3rD0Ut,f 

: I tofbl 



mmzmnuL 



HI////////, 



U/A Do not care 



Note 1) When WE is "H" level, all the data on 1/01-4 can be written into the memory cell. 

When WE is "L" level, the data on I/Os are not written except for when I/0="H" at the falling edge of RAS. 
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• PAGE MODE READ CYCLE 



WKS- 



CA5- 



tRAH 
tASC 



/TK—r-yzz/ 



-tRSH 
tCAS 



r~^ 




I/O 
(Input) 



DT/OEi 



o-zzPfo, fmnk-imTrk hrm, 



V/A Do not care 



• PAGE MODE WRITE CYCLE (Early Write) 



RAS- 



CAS- 



Address 



5C 



ROW 



COLUMN 



m XD(h, 



% 



I/O 
(Input) 

I/O 

(Output) !2LL 



DT/OEi 



mnnm 



<~-tRSH—+\ 



COLUMN v .•JhiH 

mnySmminnL 



rrrm . 



tDH tDS 



xszkzzzzx 



I 



twp- 



Ml 



VALID 
Din 



MM 



'tUV — 



VALID 
Dm 



. ^7777777, 



I 



"mnum 



High-Z 



'/) vinm/w///////iimiiimiii/imi, 



V/A Do not care 



Note 1) When WE is "H" level, all the data on 1/01-4 can be written into the memory cell. 

When WE is "L" level, the data on I/Os are not written except for when I/0="H" at the falling edge of RAS. 
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HM53461 P Series 



• PAGE MODE WRITE CYCLE (Delayed Write) 



RAS 



CAS 



Address 



WE 



_ tm I, *\tc\\L h •Jtora. ™i itmm h-tcm-~) 



I/O 

(Output) 



DT/OE 




y 



//ISC 
-fCMtf H rl fC/ttf 



^mr^im mmmn &nTn miiiiniiii. 



+ I /pt j - tasw »■ 

l <c^s ,i ■* *■ r — 



7777;^. . 177777X MTfir m7T7mn 




High-Z 



s um/////// 



V/A Do not care 

Note 1) When WE is "H" level, all the data on 1/01-4 can be written into the memory cell. 

When WE is "L" level, the data on I/Os are not written except for when I/0="H" at the falling edge of RAS. 

• RAS ONLY REFRESH CYCLE 



RAS 



CAS 



H 



w 



V- 



s anmmii. 



tOFFl 



—mszmmmmmzmmmm 



(Output) [JJJj 



I/O . 

(Input) 



DT/OE 



W 



iiiiiiniiiimiiiiiiiiiiiiii, 



"\ 



IIIIIIIIIIIIIIIIIIITTmU, 



396 



\//A Do not care 
HITACHI 

Hitachi America Ltd. • 2210 OToole Avenue • San Jose, CA 95131 • (408)435-8300 



— HM53461P Series 



• CAS BEFORE RAS REFRESH 



RAS 



CAS ■ 



\ 



\ 



7 



\ 



/ 



^ '///////////////////////////////777?. 
^///////////////////////////////7777, 



I/O 
(Output) ' 



High-Z 



»■« >/////////////////////////////////, 



/. 



V/A Do not care 



e HIDDEN REFRESH CYCLE 



RAS 



\ 



CAS 



Address 



WE 



ua 



iKAH 
tASL 



X 



\ 



/^JS£_^\ 



ZZZZZ 



I/O 
(Output) 



DT/OE ' /A 

jy u 



I/O 

(Input) 






W//////////////77777 



> 



tOFFl 



< 



'^d 



VALID 
Dout 



> 



tOFFl 

M7777 



High-Z 



V/A Do not care 
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HM53461 P Sefies — 

• READ DATA TRANSFER CYCLE (D* 1 * 2 

RAS 




si/0 ^JTKT^ 

(Output) ////K Sout 



SI/0 
(Input) . 



Previous 
H.gh-Z Row "" 




Valid 
Sout 



New Row 



• READ DATA TRANSFER CYCLED)* 1 * 



1 *2 



RAS 



CAS' 



yZjsZ2\ 



I/O 
(Output) 

I/O 
(Input) 






* 



"^t wmiiminMiihimiin. 



High-Z 



J I tD T H 



DT/OE 
SC 



3 



/ 



SRS 



SI/0 
(Output) ' 



mmmM 



s c$mmMfl0 




U771 Do not care 

| Inhibit rising transient 



Note 1) 

*1) In the case t hat th e previous data transfer cycle was write data transfer or pseudo data transfer. 

*2) Assume that SOE is "L" level, 

*3) CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start address. 
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> PSEUDO DATA TRANSFER CYCLE 

RAS 



CAS 



Address / /)[ ROW 



WE 



DT/OE 



SOE 






¥ ■ "' \ 



tRCD 



~ — K- 

tRAH tASC \^ 



tDTS 

72£ 



sc 



% 



J 



y 



wsr* imTmrwmmn 



yi/iiiit/iiii/i/tiiimm 



•f/iiiii/iii/iiriiiiiiiiiii 



WIIIIIIIIIIIIAU/IIIIIIII 



tSRD tSCC 



il kmmmm^~f ^ £ 



SI/O 
(Input) ' 



SI/O 
(Output) 



zxnm 



illinium 



)mc 



V/A Do not care 

Inhibit rising transient 



Note*l) 

CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start address. 
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HM53461F Series 



• WRITE DATA TRANSFER CYCLE 

RAS 



CAS ■ 



Address 



WE 



DT/OE 



2£ 



j/'. iK " \ 



1 V 

H. tASC 1- 



2p 



SOE 



2c 



r 



WT^ mrmrm / 1 1 m 1 1 1 



^iiiii/iii///in//iiiii/i/. 



•-yiiiiiiiiiiiiiii/i/iiiiin 



yi/i/i///////i/w////////. 

tSRD tSCC 



sc 






si/o ; r 

(Input) \ 



Valid 
Sin 



tsc 

*S/S tSlH 



wmmmmMSfBf^ 



SI/O 
(Output) ' 



High-Z 



V /A Do not care 

Inhibit rising transient 



Note 1) 

CAS and SAM start Address need not be supplied every cycle, only when it is desired to change to a new SAM start Address. 
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• SERIAL READ CYCLE 



RAS 



\ 



DT/OE 



f 



» /////////////////////F ki/im 



SOE 



SC 



SI/O 
(Output) 



1 t5L -I 

7\ 



xzzx 



t^C _| tit 



Valid 
Sout 



> 



1 tscr u [ s ™ 

I 



< 



Valid 
Sout 



xzzx 



Valid 
Sout 



V/A Do not care 



• SERIAL WRITE CYCLE 



RAS 



""V to ™»i r 



— ZZZZZZZZZZZZSZZZZZZZ^ — KZZZZZZ 



SOE 



SC 



SI/O 
(Input) 



/f. fat . t f 1 ^^_js| r y jUiJpj r v >^.\ / 



/MX 



ym^ wmmm 



V/A Do not care 
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HM53462P Series 

65,536-word x 4 bits Multi Port DRAM (with Logic operation mode) 



The HM53462P is a 262,144 bit multi port memory equipped 
with a 64k word x 4 bit Dynamic RAM port and a 256 word x 
4 bit Serial Access Memory (SAM) port. The SAM port is con- 
nected to an internal 1 ,024 bit data register through a 256 word 
x 4 bit serial read or write access control. In the read data 
transfer cycle, the memory cell data is transferred from a selected 
word line of the RAM port to the data register. The RAM port 
has a write mask capability in addition to the conventional opera- 
tion mode. Write bit selection out of 4 data bit can be achieved. 
Utilizing the Hitachi 2 Mm CMOS process, fast serial access opera- 
tion and low power dissipation are realized. All inputs and out- 
puts, including clocks, are TTL compatible. The package is a 
400 mil 24-pin dual-in-line plastic package. 

■ FEATURES 

• Multi port organization 

(RAM; 64k word x 4 bit and SAM; 256 word x 4 bit) 

• 400 mil 24-pin dual-in-line plastic package 

• Double layer polysil icon/poly icide n-well CMOS process 

• Single 5V (±10%) 

• Low power Active RAM; 380 mW max. 

SAM; 220 mW max. 
Standby 40 mW max. 

• Access Time RAM; 100ns/120ns/150ns 

SAM; 40ns/40ns/60ns 

• Cycle Time Random read or write cycle time (RAM) 

190ns/220ns/260ns 
Serial read or write cycle time (SAM) 
40ns/ 40ns/ 60ns 



TTL compatible 
256 refresh cycles 
Refresh function 



4 ms 

RAS only refresh 



CAS before RAS refresh 

Hidden refresh 
Bidirectional data transfer operation (RAM ^ SAM) 
Fast serial access operation asynchronous from RAM port ex- 
cept data transfer cycle 
Real time read transfer capability 
Write mask mode capability 
Logic operation capability between Din and Dout 
SAM organization can be changed to 1024 x 1 




PIN ARRANGEMENT 




(Top View) 
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HM53462P Series 



■ BLOCK DIAGRAM 




Dout 

1 




>c$l 



be 0) 
o a 
JO 




Dout 



Memory Array 
(256*256) 



Din 



^Sffl 



W\ 



r\ 

/ Data \ 

'Transfer'" 

.Control 








DT 




SI/01 



BY 1 Mode 
(1024*1) 
Other SI/O (2-4) 
Are in High-Z State. 



SI/01 



BY 4 Mode 256*4 
(Normal Mode) 



■ ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to V$s -1 V to +7V 

Operating temperature, Ta (Ambient) 0°C to +70°C 

Storage temperature -55°C to +125°C 

Short circuit output current 50mA 

Power dissipation 1W 

Power voltage -0.5V to +70V 



HITACHI 

Hitachi America Ltd. • 2210 O'Tooie Avenue • San Jose, CA 95131 



(408) 435-8300 



403 



HM53462P Series - 



INPUT/OUTPUT CAPACITANCE 



Parameter 


Symbol 


typ. 


max. 


Unit 


Address 


C n 


- 


5 


pF 


Clocks 


c 12 


- 


5 


PF 


I/O, SI/O 


C 13 


- 


7 


pF 



RECOMMENDED DC OPERATING CONDITIONS {Ta = to +70°C) 



Parameter 


Symbol 


min. 


typ. 


max. 


Unit 


Supply voltage 


v C c 


4.5 


5.0 


5.5 


V 


Input High voltage 


v m 


2.4 


- 


6.5 


V 


Input Low voltage 


VlL 


-1.0 


- 


0.8 


V 



Notes: All voltages referenced to V$s. 



• DC ELECTRICAL CHARACTERISTICS (Ta = 


= to +70°C V C c 


= 5V±10%, V S s = 0V) 


RAM PORT 


Symbol 


SAM PORT 


HM53462P 
-10 


HM53462P 
-12 


HM53462P 
-15 


Unit 


Standby 


Active 


Operating current RAS, CAS cycling 


J CC\ 


O 


X 


70 


60 


50 


mA 


^C =min ' 


J CC1 


X 


O 


110 


100 


80 


mA 


Standby current RAS, CAS = V IH 


l CC2 


o 


X 


7 


7 


7 


mA 


7 CC8 


X 


o 


40 


40 


30 


mA 


RAS only refresh current 


J CC3 


o 


X 


60 


50 


40 


mA 


CAS - V/ff, RAS cycling t R c ~ min - 


J CC9 


X 


o 


100 


90 


70 


mA 


Page mode current RAS = Vjl, 
CAS cycling tpc = min. 


7 CC4 


o 


X 


50 


40 


35 


mA 


7 CC10 


X 


o 


90 


80 


65 


mA 


CBR refresh current RAS cycling 


7 CC5 


o 


X 


60 


50 


40 


mA 


*RC~ min - 


7 CC11 


X 


o 


100 


90 


70 


mA 


Data transfer current 


J CC6 


o 


X 


75 


65 


55 


mA 


RAS, CAS cycling t^c ~ mm - 


! CC\2 


X 


o 


115 


105 


85 


mA 



Parameter 


Symbol 


min. 


max. 


Unit 


Input leakage 


//L 


-10 


10 


J"A 


Output leakage 


IOL 


-10 


10 


HA 


Output high voltage I OH - -2 mA 


VOH 


2.4 


- 


V 


Output low voltage I OL = 4.2 mA 


Vol 


- 


0.4 


V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING 
CONDITIONS (Ta = to +70°C, VqC = 5V ± 10%, V S s - OV) 1 )'")") 



HM53462P Series 



Parameter 


Symbol 


HM53462P 
-10 


HM53462P 
-12 


HM53462P 
-15 


Unit 


Note 




min. 


max. 


min. 


max. 


min. 


max. 




Random Read or Write Cycle Time 


tRC 


190 


- 


220 


- 


260 


- 


ns 




Read Modify Write Cycle Time 


*RWC 


260 


- 


300 


- 


355 


- 


ns 




Page Mode Cycle Time 


tpc 


70 


- 


85 


- 


105 


- 


ns 




Access Time from RAS 


*RAC 


- 


100 


- 


120 


- 


150 


ns 


2, 3 


Access Time from CAS 


*CAC 


- 


50 


- 


60 


- 


75 


ns 


3,4 


Output Buffer Turn Off Delay referenced 
to CAS 


t OFF\ 





25 





30 





40 


ns 


5 


Transition Time (Rise and Fall) 


t T 


3 


50 


3 


50 


3 


50 


ns 


6 


RAS Precharge Time 


f RP 


80 


- 


90 


- 


100 


- 


ns 




RAS Pulse Width 


*RAS 


100 


30000 


120 


30000 


150 


30000 


ns 




CAS Pulse Width 


*CAS 


50 


30000 


60 


30000 


75 


30000 


ns 




RAS to CAS Delay Time 


f RCD 


25 


50 


25 


60 


30 


75 


ns 


7 


RAS Hold Time 


f RSH 


50 


- 


60 


- 


75 


- 


ns 




CAS Hold Time 


*CSH 


100 


- 


120 


- 


150 


- 


ns 




CAS to RAS Precharge Time 


*CRP 


10 


- 


10 


- 


10 


- 


ns 




Row Address Set-up Time 


tASR 





- 





- 





- 


ns 




Row Address Hold Time 


*RAH 


15 


- 


15 


- 


20 


- 


ns 




Column Address Set-up Time 


*ASC 





- 





- 





- 


ns 




Column Address Hold Time 


*CAH 


20 


- 


20 


- 


25 


- 


ns 




Write Command Set-up Time 


*WCS 





- 





- 





- 


ns 


8 


Write Command Hold Time 


*WCH 


25 


- 


25 


- 


30 


- 


ns 




Write Command Pulse Width 


*WP 


15 


- 


20 


- 


25 


- 


ns 




Write Command to RAS Lead Time 


*RWL 


35 


- 


40 


- 


45 


- 


ns 




Write Command to CAS Lead Time 


*CWL 


35 


- 


40 


- 


45 


- 


ns 




Data-in Set-up Time 


*DS 





- 





- 





- 


ns 


9 


Data-in Hold Time 


t DH 


25 


- 


25 


- 


30 


- 


ns 


8,9 


Read Command Set-up Time 


*RCS 





- 





- 





- 


ns 




Read Command Hold Time 


*RCH 





- 





- 





- 


ns 




Read Command Hold Time referenced 
to RAS 


*RRH 


10 


- 


10 


- 


10 


- 


ns 




Refresh Period 


*REF 


- 


4 


- 


4 


- 


4 


ms 




RAS Pulse Width 
(Read Modify Write Cycle) 


*RWS 


170 


- 


200 


- 


245 


- 


ns 




CAS to WE Delay 


*CWD 


85 


- 


100 


- 


125 


- 


ns 


8 


CAS Set-up Time 
(CAS before RAS refresh) 


f CSR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time 
(CAS before RAS refresh) 


*CHR 


20 


- 


25 


- 


30 


- 


ns 




RAS Precharge to CAS Hold Time 


*RPC 


10 


- 


10 


- 


10 


- 


ns 




CAS Precharge Time 


*CP 


10 


- 


15 


- 


20 


- 


ns 




Access Time from OE 


f O AC 


- 


30 


- 


35 


- 


40 


ns 




Output Buffer Turn-off Delay referenced 
to OE 


*OFF2 





25 





30 





40 


ns 




OE to Data-in Delay Time 


f ODD 


25 


- 


30 


- 


40 


- 


ns 




OE Hold Time referenced to WE 


f OEH 


10 


- 


15 


- 


20 


- 


ns 




Data-in to CAS Delay Time 


*DZC 





- 





- 





- 


ns 




Data-in to OE Delay Time 


*DZO 





- 





- 





- 


ns 




OE to RAS Delay Time 


*ORD 


25 


- 


30 


- 


40 


- 


ns 
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HM53462P Series- 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING 
CONDITIONS (Ta = to +70°C, V C C = 5V ± 10%, V S S = 0V) 1), 10), 11) 



Parameter 


Symbol 


HM53462P 
-10 


HM53462P 
-12 


HM53462P 
-15 


Unit 


Note 




min. 


max. 


min. 


max. 


min. 


max. 




Serial Clock Cycle Time 


f SCC 


40 


- 


40 


- 


60 


- 


ns 




Access Time from SC 


*SCA 


- 


40 


- 


40 


- 


60 


ns 


10 


Access Time from SOE 


f SEA 


- 


25 


- 


30 


- 


40 


ns 


10 


SC Pulse Width 


*SC 


10 


- 


10 


- 


10 


- 


ns 




SC Precharge Width 


f SCP 


10 


- 


10 


- 


10 


- 


ns 




Serial Data-out Hold Time after SC High 


f SOH 


10 


- 


10 


- 


10 


- 


ns 




Serial Output Buffer Turn-off Delay 
from SOE 


tSEZ 





25 





25 





30 


ns 




Serial Data-in Set-up Time 


f SIS 





- 





- 





- 


ns 




Serial Data-in Hold Time 


tSIH 


15 


- 


20 


- 


25 


- 


ns 




DT to RAS Set-up Time 


f DTS 





- 





- 





- 


ns 




DT to RAS Hold Time 
(Read Data Transfer Cycle) 


tRDH 


80 


- 


90 


- 


110 


- 


ns 




DT to RAS Hold Time 


f DTH 


15 


- 


15 

""30" 


— 


20 

45" 


- 


ns 




DT to CAS Hold Time 


t CDH 


20 


- 


- 


ns 




Last SC to DT Delay Time 


t SDD 


5 


- 


5 


- 


10 


- 


ns 




First SC to DT Hold Time 


f SDH 


20 


- 


25 


- 


30 


- 


ns 




DT to RAS Delay Time 


*DTR 


10 


- 


10 


- 


10 


- 


ns 




WE to RAS Set-up Time 


f WS 





- 





- 





- 


ns 




WE to RAS Hold Time 


*WH 


15 


- 


15 


- 


20 


- 


ns 




I/O to RAS Set-up Time 


*MS 





- 





- 





- 


ns 




I/O to RAS Hold Time 


f MH 


15 


- 


15 - 20 


- 


ns 




Serial Output Buffer Turn off Delay 
from RAS 


tSRZ 10 


50 


1 ' 
10 60 10 

| ; 


75 ! ns 

1 




SC to RAS Set-up Time 


f SRS 


30 


- 


40 I - i 45 


— ns 




RAS to SC Delay Time 


tSRD 


25 


- 


30 - i 35 - ns 




Serial Data Input Delay Time from RAS 


f SID 


50 


- 


60 - 75 - ; ns 




Serial Data Input to DT Delay Time 


tSZD 





- 


0-0 - ns 


SOE to RAS Set-up Time 


*ES 





- 


' - \ - ns | 


SOE to RAS Hold Time 


*EH 


15 


- 


15 - 20 , - ns 




Serial Read Enable Set-up Time 


f sws 





- 


i - - ns 




Serial Write Enable Hold Time 


*SWH 


35 


- 


35 1 - ! 55 : - ns 




Serial Write Disable Set-up Time 


r SWIS 





- 





- ! - ns 




Serial Write Disable Hold Time 


f swm 


35 


- 


35 


- 


55 I - 


ns 




DT to Sout in Low-Z Delay Time 


*DLZ 


5 


- 


10 


- 


10 J - 


ns 
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Notes) 

1. AC measurements assume tj - 5ns. 

2. Assumes that f/?cr> ^ t RCD (max). If tji^D is greater 
than the maximum recommended value shown in this 
table, tuAQ exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads 
and 100 pF. 

4. Assumes that tRCD - f RCD (max). 

5. tQpp (max) defines the time at which the output 
achieves the open circuit condition and is not refer- 
enced to output voltage levels. 

6- v ih (min) and V/l (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between Vjh and K/£. 

7. Operation with the f#cD (max) limit insures that 
t RAC (max) can be met, tR^D (max) is specified as a 
reference point only, if tR^D is greater than the speci- 
fied tRCD (max) limit, then access time is controlled 
exclusively be f^/lC' 

8. f^GS and t CWD are not restrictive operating para- 



10. 



11 



meters. They are included in the data sheet as electri- 
cal characteristics only: if f^GS = f WCS (min), the 
cycle is an early write cycle and the data out pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if tcwD = *CWD (min), the cycle is a 
read/write and the data output will contain data read 
from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out 

(at access time) is indeterminate. 

These parameters are referenced to CAS leading edge 
in early write cycle and to WE leading edge in delayed 
write or read-modify-write cycles. 
Measured with a load circuit equivalent to 2TTL and 
50 pF. 

An initial pause of 100 jus is required after power-up. 
Then execute at least 8 Logic Reset Cycle as initializa- 
tion cycles. After this, execute at least one logic 
operation cycle inclu ding write mask reset (on the 
falling edge of RAS, WE= "Low" and I/Oi ~* = 
"High"), and execute one or more transfer cycle for 
initialization of SAM. 
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■ WAVE FORMS 
• READ CYCLE 



RAS 



CAS - 



Address 



w: 



x 



ROW 



"%%. 



i r^~\ 



"'////////////> 



I/O 
(Output) 



I/O Z 

(Input) 



^ 




W>, 



tars tuiH 



■/ 



y</////////////. 



< 



DT OE 



w 



y &777K X 



W/////A 



torh 1 



Z 



VALID 
Doul 



hni-2 



<?Zl 



Y/A Do not care 
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• EARLY WRITE CYCLE 



RAS - 



CAS- 



# 



X 



tHAH tASC 



X. 



'f 



^W^ 5V&=W////////////, 



«S3H^; 



I 
(Input) 



773 r 

input) X/*> r 



I 
(Output) 



DT OE 



v//////////, 



y\u>$p#//////////////. 



High Z 



^ W//////////////77777/ 



V/A Do not care 



NOTE 1) When WE is "H" level, the all data on the I/O can be written into the cell. When WE 
is "L" level, the d ata o n the I/O are not written except for when I/O is "H" level at 
the falling edge of RAS. 



I 
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• DELAYED WRITE CYCLE 



RAS- 



CAS- 



Address 



WE 



fits 

2f 



'/• 



m 



\ 



dt/oeYA 



I/O 
(Input) A 



Y 



xiiiimmiiiiin. 



KJnm 



wmsz==mnzmni 



X////////////////7 



: *///////////// 



I/O 
(Output)" 



High-Z 



\//A Do not care 



NOTE 1) When WE is "H" level, all the data on I/O 1-4 can be written into the memory cell. 

When WE is "L" level, the data on I/Os are not written except for when I/O • "H" at the falling edge of 

RAS. 
• READ MODIFY WRITE CYCLE 



RAS • 



\ 



CAS 




Address 



m 



\ 



xx 



nis inn { IKL ^ 



(Input) //A / , 



tMH tl>/( 



I 
(Output) " 



DT OE 



*wr 



> 



/ 



MMZHL 



^Sv 



777777; 



VlhJ 



m 



-km.. 

-tRWI.- 



:s -^7777TTT, 

—r— | 



l z VALID \ 
\ Pout 3 f 

: I tohh-2 



r W///////, 



H////////A 

I// A Do not care 



NOTE 1) When WE is *'H" level, all the data on I/O 1-4 can be written into the memory cell. 

When WE is "L" level, the data on I/Os are not written except for when I/O * "H" at the falling edge of 

RAS - # HITACHI 
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• PAGE MODE READ CYCLE 



RA5- 



CAS- 



tKAH 
tAS( 



Address / )T ROW 



K 




,COLUMN)( 



WE 



mm 



mm 



\'0 
(Output)" 



(lnp«t) ////A 



i l VALID \ 
3 t Dout / 



/<>/■ /• 1 



jgzo^q' 



t? 



«z> 



/( M /<)/•/•! 



/valid\ 

\ Pout / 



-tHsH 



,r^^ 



=feZ2Z2GfczZzWz 

' Kl "_l_ # u , . COLUMN ..-T+'««'' 



t? 



«Z> 



/ VALID \ 



*zzs 



/(>//•! 



v>*7]nA . FmTmrmrffh. mm, 



• PAGE MODE WRITE CYCLE (Early Write) 



V/ A Do not care 



RAS« 



CAS- 



Address 



9; 



y: 



(Input) 

I 
(Output) 

DT 0E< 



/«•.•*—• t\IH f»^ -'»«'— *J , J* - " 



mmzm 



\zz/^^jr~^zy 









-tRSll- 
/( 4S 



I 



#H7* 

»tDH+i 



.am, 



wnnmm 

VrTTTTTT, 



-twv— 

>—tl)H- 



wnA^jammz 



High-Z 



'/) Hiimi//i///iim)iiii/mnm//iiii, 



\//A Do not care 

NOTE 1) When WE is "H" level, all the data on I/O 1-4 can be written into the memory cell. 

When WE is "L" level, the data on I/Os are not written except for when I/O = "H" at the falling edge of 
RAS 

HITACHI 
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• PAGE MODE WRITE CYCLE (Delayed Write) 




/ 




* I /pc h — tRSH m 

; * - tcAs -■ \, 



♦— T" /H7' ' MP COLUMN mL 



mmznnzmmm 

High-Z 



M777 X ^77774. p7777.Cl(77777777r/ 

7777777771, 




DT'OE 



W///////// 

VIA Do not care 



NOTE 1) When WE is "H" level, all the data on I/O 1-4 can be written into the memory cell. 

When WE is "L" level, the data on I/Os are not written except for when I/O = "H" at the falling edge of 
RAS. 

• RSS ONLY REFRESH CYCLE 



RAS 



CAS 



N; 



w 



v. 



\- 



wnimm. 



toh /• 1 



Xput) Y/7}~ 



I/O . 

(Input) 



DT OE 



w 



Ulllllllllllllllllllllllllll, 



"\ 



7//////////////////777777T, 
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• CAS BEFORE RS5 REFRESH CYCLE 



RAS 



CAS 



J — X 

— ' tRPC tCSR N 



j [ . " , V 



y 



^ ///////////////////////////////7 



WE 



I/O 

(INPUT) 



ZZZZ7T KZZZZZZZZZZZZZZZZZZZZZ 

//////////////////////////////// 



I/O 
(OUTPUT) " 



HIGH-Z 



™» ///////////////////////////7T777 

V77A Do not care 
» HIDDEN REFRESH CYCLE 



RAS 



\ 



CAS 



/• /K/4H ^ 



Address 



WE 



2X 



X 



'/^«L^\ l_/-^\— 



2ST 



I/O 
(Output) 



nir / 



DT/OE 



I/O 
(Input) 



^ 



» 



7 



wmmmzmmnL 



m 



w/////////?////. 

t<)l- 1 1 



< 



VALID 
Dout 



> 



J777777 



High-Z 
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HM53462P Series 

• READ DATA TRANSFER CYCLE (1p.*2 



RAS 



CAS 



tA^K 

Address Aft I 



yz^2\ 



WE 



T% 



*3 \, 

tR\H lASL \ 



SAM START 
ADD 



*r 



wwM/miniiiiiim 



mnnii/n/i/ii, wmrnnwi 




SI 
(Output) ' 

SI 
(Input) " 



\ 

High Z ! 



Previous 
Row "*" 



- New Row 



V/A Do not care 



• READ DATA TRANSFER CYCLE (2P * 2 



RAS 



CAS- 



j/' . tH " \ 



J^ij 3 t2\i 



Addr 



WE < 



I/O 
(Output) 



JJ /its 



SAM START 
ADD 



/ 



miiMMiiih 



tmrmm. 



wiHinmiiminiiimnnnm. 



High Z 






— \tDTS 

DT/OE Y 



SC 



./ 



SI/0 
(Output) ' 



■^ W1//////U. 



SKS 

tsc 



vmwm 



^z^mMsM 



,gx 



ti>CC 
IDLZ tSCA 



SCA m I '" 



17771 Do not care 

| Inhibit rising transient 



NOTE *1) In the case t hat th e previous data transfer cycle was read data transfer. 

*2) Assu me that SOE is "Low". 

*3) CAS and SAM start Address need not be supplied every cycle, only when it is desired to change to a new SAM 
start Address. 
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• PSEUDO DATA TRANSFER CYCLE 



RAS 



CAS 



Address 



WE 



DT/OE 






VZZ2\ 



ROW 



11)1 

m. 



SOE 



SC 



st 



J, 



~ — K- 

\H tASC J, 



SAM START 
ADD 



Y 



W///////////////77 



•**///////////////////////// 



vm/m/iimi///))/)/))! 



Z X//////W////W//////W 



t»RI) /s( 



^J MttM^X)®^^ Jr 



SI/O 
(Input) ' 



SI/O 
(Output) 



JSOH, 



4/////////X 



VALID 
Sin 



)<BC 



V/A Do not care 

Inhibit rising transient 



• WRITE DATA TRANSFER CYCLE 



RAS 



CAS - 



Address 



WE 



DT'OE 



2£ 



¥■ '- \ 



tK AH , tASC lp 



2f 



SOE 



SI 
(Input) 



/ 



I 



=EJ<XZ13GZZZZZZZZZZZZZZZZZZ 



^f/////////////////////////. 



■^nm/mi/im/i/imin, 



9r ^im/iinimiNJiiitfftt. 

tSRS I tSRD /set 



sc yUO aWMXMTO^ I^ /■ 



i, Cv y////////////777X 



Valid 
Sin 




sro 

(Output) 



High-Z 



V/A Do not care 

I Inhibit rising transient 



*1) CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM 
start address. <0 HITACHI 
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• SERIAL READ CYCLE 

RAS 



&Sl 



*«* ////////////////////// — KZZZZZZ 



f 



SOE 



J 



sc 



sro 

(Output) 



J^\ 



xzzx 



x 



nU 



ahd ^ 

sout £ 






< 



Valid 
Sout 



ahd 

Sout 



• SERIAL WRITE CYCLE 

RAS 



%j/)% Sou 

l/Xvl Do not care 



^-nmnmnmnnm — kzzzzzz 



"X turn /"" 

~td / 



SOE 



/ /MWs \ 



SI 
(Input) 






W/////////X 



Val 
Sin 



EKZZC 

V/A Do not care 
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-HM53462P Series 



Parameter 


Symbol 


HM53462P 
-10 


HM53462P 
-12 


HM53462P 
-15 


Unit 




min. 


max. 


min. 


max. 


min. 


max. 




Write cycle time 


tFRC 


230 


- 


265 


- 


310 


- 


ns 


RAS pulse width in write cycle 


tRFS 


140 


- 


165 


- 


200 


- 


ns 


CAS pulse width in write cycle 


tCFS 


80 


- 


95 


- 


105 


- 


ns 


CAS hold time in write cycle 


*FCSH 


140 


- 


165 


- 


200 


- 


ns 


RAS hold time in write cycle 


*FRSH 


80 


- 


95 


- 


105 


- 


ns 


Page mode cycle time (Write cycle) 


*FPC 


100 


- 


120 


- 


135 


- 


ns 


CAS hold time in logic operation 
programming cycle 


f FCHR 


90 


- 


100 


- 


120 


- 


ns 


CAS hold time from RAS precharge 
(x4 ->-xl set cycle)* 


'PSCH 





- 





- 





- 


ns 



*Specified when organization is changed. 



■ LOGIC CODE (FC0 - 3 are AX0 - AX3 in Logic Operation Set Cycle) 



FC3 


FC2 


FC1 


FC0 


LOGIC 


Symbol 


Write Data 

















Zero 











1 


AND1 


Di-Mi 








1 





AND2 


Di-Mi 








1 


1 


X4->X1 


- 





1 








AND3 


Di-Mi 





1 





1 


THROUGH 


Di 





1 


1 





EOR 


Dl-Mi+ Di -MT 





1 


1 


1 


OR1 


Di+Mi 













NOR 


Di-Mi 










1 


ENOR 


Di • Mi + Di • Mi 







1 





IN VI 


Di 







1 


1 


OR2 


Di+Mi 




1 








INV2 


Mi 




1 





1 


OR3 


Di+Mi 




1 


1 





NAND 


Di+Mi 




1 


1 


1 


1 


ONE 



SAM organization changes to 1024 x 1 
Logic operation mode reset 



I 



Di 

Mi 



: External Data-in 

: The data of the memory cell 
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• LOGIC OPERATION SET/RESET CYCLE (With CAS before RAS refresh) 



RAS 



/ — V 

_/ tRPC tLSR J L- 



CAS 



\ 



Address 



WE 



I/O 
(Input) 



urn: 



ZZ2k 



zzzzx; 



A) ^sch ^ 

M tppp 



Zf 



7 



:XZZZZZZZZZ22ZZZZZZ 



J///////////////////// 



W///////////////7T/ 



I/O 
(Output) * 



««* //////////////////////////////// 



*1) Logic code A0-A3 (A4-A7: don't care) 
*2) Write mask data 



EZB Do not caie 
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■ LOGIC OPERATION MODE 
• EARLY WRITE CYCLE 

RAS 



CAS 



Address 



M 



ROW 



WE 



^ ,rp -N 



v. — y 



mzs^.m: 



I/O 
(Output) ' 



DT/OE 



^mo^ &zzmmz? 



■ j//////////////, 



su 7ffr^mF* w////////////////7, 



(/ 



HIGH-Z 



Z7 ^ 



NOTE 1) When WE is 'high', the all data on the I/O can be written into the cell. 

When WE is 4 low', the data on the I/O are not written except for when I/O is 'high' 
at the falling edge of RAS. 



VTTTk Do ■ 



<P HITACHI 

Hitachi America Ltd. • 2210 OToole Avenue • San Jose, CA 95131 • (408)435-8300 



419 



HM53462P Series- 



• DELAYED WRITE CYCLE 

RAS 



'st 



CAS tASR 



Address 



WE 



m 



M 



X 



COLUMN 



J— JUL A 



Y 



WW////////////? 



DT/OE ^ 



I/O 

(Input) 

I/O 
(Output) 



JGD®( 



rymk-^— / / /////////// 



mnnnnnmnL 



VALID DATA IN 



yjiiiummi 



NOTE 1) When WE is "H" level, all the data on 1/01-4 can be written into the memory cell. EZ3 Do not c are 

When WE is **L" level, the data on I/Os are not written except for when I/O = "H" at the falling edge of RAS. 

• PAGE MODE WRITE CYCLE (Delayed Write) 



RAS 



CAS 



Address 



ZX 



7 



tRAH \ 



/TlXXJ 






«2G^ZZZZ 



I/O 
(Input) 



I/O 
(Output) 



DT/OE 



Z7 



rtzixDmmimzmimz 



M7777k mm~ /i///////// 



VALID 
Din 



VALID 
Din 



Will HI III, 



Villi////// 



NOTE 1) When WE is 'high', the all data on the I/O can be written into the cell. EZ2 Do not care 

When WE is 'low', th e data on the I/O are not written except for when I/O is 'high' 
at the falling edge of RAS. 

HITACHI 
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PAGE MODE WRITE CYCLE (Early Write) 



-HM53462P Series 



RAS 



* 



CAS 



Adress 



ZX 



y: 



X 






*3CDQ, 



1/0 jyr^^x™ 

(Input)' // ^ A P' 



I/O 



(Output) (Brs 



'~ y//////^ t COLvm 



i mnh, 



:kzzzzz>3j 




m 



Mm^mK^2 <m7Tm< 



W/////////A 



-tDH- 



. 77777777, 



r ^wnmim//i/)n/i///))inmTTmT l 



DT/OE 



NOTE 1) When WE is 'high', the all data on the I/O can be written into the cell. 

When WE is low', th e data on the I/O are not written except for when I/O is 'high' 
at the falling edge of RAS. 



I///I Do not care 



■ DESCRIPTION 

1. LOGIC OPERATION MODE 
HM53462P has an internal logic operation unit 
which makes a process of graphics simple. The logic 
is determined in "Logic operation set/reset cycle", 
and the operation is executed in every write cycle 
succeeding to the logic operation set/reset cycle. In 
this mode the internal read-modify-write operation 
is executed and the cell data is converted into the 
new data given by the logic operation between Din 
and the old cell data. 

2. LOGIC OPERATION SET/RESET CYCLE 

A logic operation set/reset cycle is performed by 
bringing CAS and WE low when RAS falls (Fig. 1). 
The logic code and the bits to be masked are dater- 
mined respectively by AxO-3 state and 1/01-4 state 
at the falling edge of RAS. Furthermore, in this 
cycle CAS before RAS refresh operation is executed, 
too. In the case of executing the conventional CAS 
before RAS refresh operation, WE must be high 
when RAS falls. 



2.1. Logic code 

The logic code is shown in Table 1 . When power 
is turned on, the logic code is initialized to 
"THROUGH". If the logic code is (Ax3, Ax2, Axl , 
AxO) = (0, 0,1,1), the SAM organization is changed 
to 1,024 x 1 using the internal parallel to serial 
converter (Fig. 2). In the case that the SAM orga- 
nization is changed to 1 ,024 x 1 , one data transfer 
cycle is needed to initialize the SAM selector. 

Once the SAM organization is changed to 1024 x 1, this code 
is maintained unless power is turned off. 

2.2. Write mask 

HM53462P has two kinds of mask registers (register 
1 , 2). The register 1 is set by bringing WE low at 
the falling edge of RAS during the write cycle, and 
the mask data is available only in this cycle. The 
register 2 is set by level of I/O in the logic operation 
set/reset cycle, and the mask data is available until 
the next logic operation set/reset cycle. If the re- 
gister 1 is set during the current logic operation 
mode, the mask data of the register 1 is preferred 
(that of the register 2 is ignored) and the logic be- 
comes "THROUGH" only in this cycle (Fig. 3). 



I 
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HM53462P Series - 



RAS 



CAS 



A. 



\ 



Addres 



X 



/ 



*L" 



/ 



FC0FC3 



WE 



\ 



"L" 



X 
f 



I/O Y Mask Reg. 2 jL 



Fig. 1 LOGIC OPERATION SET/RESET CYCLE 



V//\ Do not care 



Table 1. LOGIC CODE (FCO ~ 3 are AXO - AX3 in Logic Operation Set Cycle) 



FC3 


FC2 


FC1 


FCO 


LOGIC 


Symbol 


Write Data 

















Zero 











1 


AND1 


Di-Mi 








1 





AND2 


DT-Mi 








1 


1 


X4-*X1 


- 





1 








AND3 


Di'Mi 





1 





1 


THROUGH 


Di 





1 


1 





EOR 


DT'Mi+ Di -Ml 





1 


1 


1 


OR1 


Di+Mi 













NOR 


Df-Mi 










1 


ENOR 


Di Mi+ Di Ml 







1 





IN VI 


Di 







1 


1 


OR2 


Di+Mi 




1 





• 


INV2 


Mi 




1 





1 


OR3 


Di+Mi 




1 


1 





NAND 


Di+Mi 




1 


1 


1 


1 


ONE 



SAM organization changes to 1024 x 1 



Logic operation mode reset 



Di 
Mi 



: External Data-in 

: The data of the memory cell 
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HM53462P Series 



Fig. 2 THE SHIFT WAY OF SAM DATA 



SAM Data Register 



Serial I/O 



i+1 



! ! e ! a 




SI/Ol 










: : f ! b 




SI/02 










: : g : c 




SI/03 










i : h : d 




SI/04 





1) By 4 mode (SAM organization: 256 x 4) 

tsct 









1 












SC , 


K 


\ 


S, 


\ 


/ 












sroi 


x 




a 


X 




e 




x 




SI 02 


v 




b 


X 




f 




x 














SI 03 


X 




c 


?. 




g 




X 


SI 04 


X 




d 


X 




h 




X 



2) By 1 mode (SAM organization: 1024 x 1) 

tscc 
SC 

SI 01 

SI 02 

SI 03 

SI 04 




High-Z 



High-Z 



High-Z 
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HM53462P Series - 



Fig. 3 EXAMPLE OF LOGIC OPERATION MODE 





Logic operation 
set/reset cycle 


Write cycle 


Write cycle 


Write cycle 


Write cycle 


RAS 


— > 


r^ 


r~ 


. r^ 


r~*i I 














CAS 


•L* /— 


•H- \ / 


„ \ / 


H \ / 


r \ / 






WE 
1/01 


•L- / 


~Z\ 


•L- / 


^\ r 


~^\ 1 — 






*0" Write 








\ 


Masked / 


T Write 


\ U Write 












1/02 


/ 


Masked 


"1" Write 


Masked 
Masked 


Masked 








1/03 
1/04 


Masked / 


—~ \ Write 


_/ Masked 








Masked 


"0" Write 








*l" Write V- 


—/ *1* Write 












Logic 





AND1 




AND1 


AND1 




Mask reg.2 is set 
I 2,3 :M asked 

Assume that the 
logic is set to 
*AND1". 




Mask reg.l is set, 
and valid only in 
this cycle. 
I 01,4:M asked 
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HBS61003A/B Series 

262,144 x 9 bit Dynamic Random Access Memory Module 

The HB561003A/B is a 2.25M dynamic random-access memory module organized as 262,144 x 9 bits [bit 
nine (PD, PQ) is generally used for parity and is controlled by PCAS] in a 30-pin single-in-line package com- 
parising nine HM50256CP, 262,144 x 1 bit dynamic RAMs in 18-pin Plastic Leaded Chip Carrier mounted on 
a substrate together with decoupling capacitors. 

■FEATURES 

• 262,144 words x 9 bits Organization 

• Industry standard 30-pin Single Inline Package Memory Module 

• Single 5V (±10%) 

• Utilizes nine 256K Dynamic RAMs in PLCC (HM50256CP) 

• HB561003A/B operates as nine HM50256CP as shown in the functional block diagram. 



Low Power; 



High speed: 



Operating: 2,160mWtyp. {t RC = 260ns) 
Standby: 135mWtyp. 





Access Time 
from RAS (max) 


Access Time 
from CAS (max) 


Read or Write 
Cycle (min) 


HB561003A/B-12 


120ns 


70ns 


220ns 


HB561003A/B-15 


150ns 


75ns 


260ns 


HB561003A/B-20 


200ns 


100ns 


330ns 



Page mode capability 
TTL compatible 
256 refresh cycles/4ms 
3 variations of refresh 

RAS only r efresh 

CAS before RAS refresh 

Hidden refresh 
Operating Ambient Air Temperature: 0°C to +70°C 



■PIN ARRANGEMENT 









































) 








) 




) 




y 




s 




/ 




s 




s 



































* HB561003B's pin arrangement 
issameasHB561003A 



(Side View) 



• Common CAS control for eight common Data-in and Data-Out 
lines. 

• Separate CAS control for one separate pair of Data-in and Data- 
Out lines. 

• The common I/O feature dictates the use of only early write 
operations to prevent contention on Din and Dout. 



PIN NOMENCLATURE 


A0-A8 


Address Inputs 


CAS, PCAS 


Column Address Strobes 


DQ0-DQ7 


Data In/Data Out 


PD 


Data In 


NC 


No Connection 


PQ 


Data Out 


RAS N 


Row Address Strobes 


WE 


Write Enable 


Vcc 


+ 5V Supply 


Vss 


Ground 



426 



<P HITACHI 

Hitachi America Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 



(408) 435-8300 
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-HB561003A/B Series 




3 



■ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to V$s- -1V to +7V 
Operating temperature, T a (Ambient): 0°C to +70°C 
Storage temperature (Ambient): -55°C to +125°C 
Power dissipation: 9W 
Short circuit output current: 50mA 

■RECOMMENDED DC OPERATING CONDITIONS ( Ta=0 to +70C) 



Parameter 


Symbol 


mm 


typ 


max. 


Unit 


Notes 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


VlH 


2.4 


- 


6.5 


V 


1 


Input Low Voltage 


V,L 


-1.0 


- 


0.8 


V 


1 



Notes 1 All voltages referenced to Kss 
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HB561003A/B Series 



■DCELECTRICALCHARACTERISTICS(r« = Oto + 70°C, Vfcc = 5V±10%, Vss=OV) 



Parameter 


Symbol 


min 


max. 


Unit 


Notes 


Operating current tRC = 330ns 
tnc = 260ns 
f«c= 220ns 


Icci 


- 


495 
630 

747 


mA 


1 


Standby current 


ICC2 


- 


40 


mA 




Refresh current '* c = 33 0ns 
tnc= 260ns 
/*c = 220ns 


ICC3 


- 


378 
477 
558 


mA 


RAS only Refresh 


Standby current (D ou t Enable) 


Ices 


- 


90 


mA 


1 


Refresh current /i?c= ^5 ns 
tnc= 260ns 
/*c = 220ns 


Iccg 


- 


405 
522 
621 


mA 


CAS before 
RAS Refresh 


Input leakage 0< K„,<7V 


Ili 


-10 


10 


mA 




Output leakage 0< V,ut < 7V 


Ilo 


-10 


10 


mA 


Dout is disabled 


Output levels High (/„„ = - 5mA) 


VOH 


2.4 


Vcc 


V 




Low (Lui= 4.2mA) 


Vol 





0.4 


V 





I CAPACITANCE (Vcc = 5 F±10%, Ta = 25° C) 



Parameter 


Symbol 


typ 


max 


Unit 


Notes 


Address 


C/i 


- 


60 


PF 


2 


Clocks 


C/2 


- 


75 


pF 


2,3 


DQ 


Q/o 


- 


17 


pF 


2,3 


PQ 


Co 


- 


12 


PF 


2,3 


PD 


C,3 


- 


10 


pF 


2 



Notes: 1. Iqc depends on output loading condition when the device is selected, /cc max * s specified at the output 
open condition. 

2. Capa citance measured with Boonton Meter or effective capacitance measuring method. 

3. CAS = Vjff to disable D out . 

■ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(7fl = 0to +70°C, Vcc = 5V±10%, V r ss=0V) u 9)> 10) 



Parameter 


Symbol 


HB561003A/B-12 


HB561003A/B-15 


HB561003A/B-20 


Unit 


Note 


min 


max 


min 


max 


mm 


max 


Access Time from RAS 


tRAC 


- 


120 


- 


150 


- 


200 


ns 


2,3 


Access Time from CAS 


tCAC 


- 


70 


- 


75 


- 


100 


ns 


3,4 


Output Buffer Turn-off Delay 


tOhh 


- 


30 


- 


40 


- 


50 


ns 


5 


Transition Time (Rise and Fall) 


tT 


3 


50 


3 


50 


3 


50 


ns 


6 


Random Read or Write Cycle Time 


tRC 


220 


- 


260 


- 


330 


- 


ns 




RAS Precharge Time 


tRP 


90 


- 


100 


- 


120 


- 


ns 




RAS Pulse Width 


Iras 


120 


10000 


150 


10000 


200 


10000 


ns 




CAS Pulse Width 


tCAS 


70 


10000 


75 


10000 


100 


10000 


ns 




RAS to CAS Delay Time 


tRCD 


35 


50 


35 


75 


35 


100 


ns 


7 


RAS Hold Time 


tRSH 


70 


- 


75 


- 


100 


- 


ns 




CAS Hold Time 


tcSH 


120 


- 


150 


- 


200 


- 


ns 




CAS to RAS Precharge Time 


tcRP 


10 


- 


10 


- 


10 


- 


ns 




Row Address Set-up Time 


tASR 





- 





- 





- 


ns 




Row Address Hold Time 


tRAH 


15 


- 


15 


- 


20 


- 


ns 




Column Address Set-up Time 


tASC 





- 





- 





- 


ns 




Column Address Hold Time 


tCAH 


25 


- 


25 


- 


30 


- 


ns 




Column Address Hold Time referenced to RAS 


tAR 


75 


- 


100 


- 


130 


_ 


ns 




Read Command Set-up Time 


tucs 





- 





- 





- 


ns 


8 


Write Command Hold Time 


tttCH 


45 


- 


45 


- 


55 


- 


ns 




Write Command Hold Time referenced to RAS 


t\\CR 


95 


- 


120 


- 


155 


- 


ns 




Write Command Pulse Width 


twp 


45 


- 


45 


- 


55 


- 


ns 




Write Command to RAS Lead Time 


tRHL 


45 


- 


45 


_ 


55 


- 


ns 




Write Command to CAS Lead Time 


tcttL 


45 


- 


45 


- 


55 


- 


ns 




Data-in Set-up Time 


tDS 





- 





- 





- 


ns 


8 



(to be continued) 
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Parameter 


Symbol 


HB561003A/B-12 


HB561003A/B-15 


HB561003A/B-20 


Unit 


Note 


min 


max. 


min. 


max. 


min. 


max. 


Data-in Hold Time 


tDH 


45 


- 


45 


- 


55 


- 


ns 




Data-in Hold Time Referenced to RAS 


tDHR 


95 


- 


120 


- 


155 


- 


ns 




Read Command Set-up Time 


tRCS 





- 





- 





- 


ns 




Read Command Hold Time Referenced to CAS 


tRCH 





- 





- 





- 


ns 




Read Command Hold Time Referenced to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


ns 




Refresh Period 


tREF 


- 


4 


- 


4 


- 


4 


ms 




CAS Precharge Time 


tcPN 


50 


- 


60 


- 


80 


- 


ns 




CAS Set-up Time 


tcSR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time (CAS before RAS) 


tCHR 


120 


- 


150 


- 


200 


- 


ns 




RAS Precharge to RAS Hold Time 


tRPC 





- 





- 





- 


ns 





Notes: 1. AC measurements assume tf = 5ns. 

2. Assumes that tRCD ^ { RCD (max). If tRCD * s g re *ter than the maximum recommended value shown in this 
table, r/^4c exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads and lOOpF. 

4. Assumes that tRCD ^ *RCD (max). 

5. tQff (max) defines the time at which the output achieves the open circuit condition and output voltage levels 
are not referred. 

6. Vjjj (min) and Vji (max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vjh and K/£. 

7. Operation with the tRCD (max) limit insures that tRAC (max) can be met. tRCD (max) is specified as a re- 
ference point only; if tRCj) is greater than the specified tj^cD (max) limit, access time is controlled exclusively 

by tCAC- 

8. An initial pause of 10 0/nsis required after power-up. Then execute at least 8 initialization cycles. 

9. At least 8 CAS before RAS refresh cycles are required before using internal refresh counter. 



IWAVE FORMS 

>Read Cycle 



\ 



;i3; 



\ 






X 



DQ. PQ \oh m 

Vol 



< 



/^7"\_ 



/ 



X 
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• Write Cycle 



CAS, PCAS 







tRM> 






I.. ^ J /«»< \ 




tCSH 










m '"CD l HitH 




JiHf 








tCA!> 






lAH 


\ 


Iy r ~^_ 


IL 














-J RAI L 


( ) 


tASC 


• ICAH 


K 






H 


:~> 


1 Row \ 
- Address j i 


} Column 

* ^ Address ^ 






X 












tKWL 












/OIL 






fH(i 


. ' HC " . 






\ 




h\r 


/ 




), L 


V 


>< 








Mich 










tDS 


Idh 






X 


Valid Data 


X 








tl)HK 





>RAS Only Refresh Cycle 



CAS, PCAS 



\ 



\ Ro* Address ^ 



♦ Refresh Address Ao-Ar (AXo-AX?) 
HikIi Impedance 



/7\ 



t 



X 
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-HB561003A/B Series 



• Hidden Refresh Cycle 



CAS. PCAS 



:ji 



" I f * S "(Refresh)" /— "M V- "" 



: Row a n c Col J 
■ Add ; fl c Add . 



N 



f 



K 



< 



Valid Data 
(J 



r^ 




• CAS Before RAS Refresh Cycle 



• COUNTER TEST 



^ 



: _v ( s y \ Y 



a \ 

c 



/ \ 



EX3DC 



x 



Column 
Address 



r 



j 



x 



7%ZJO 



I 



r 
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Parameter 


Symbol 


HB561003A/B-12 


HB561003A/B-15 


HB561003A/B-20 


Unit 


Note 


mion. 


max. 


min. 


max. 


min. 


max. 


Page Mode Supply Current 


Ice 7 


- 


513 


- 


432 


- 


333 


mA 




Page Mode Read or Write Cycle 


tPC 


130 


- 


145 


- 


190 


- 


ns 




CAS Precharge Time, Page Cycle 


tCP 


50 


- 


60 


- 


80 


- 


ns 





• Page Mode Read Cycle 



CAS, PCAS 



, '«<■» S f /c, \ 



llt ft Add ft Add J f \ ft ^ A jj__A 




fr^0 



x 



^ 



/ Valid \ / Valid \,< / Wild \_ 

\ Data / \ Data f ^> \ D ata / ^ 
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• Page Mode Write Cycle 



HB561 003 A/B Series 




~V Ro» J c d Coi V V 

A A ^ Jfr a* j\ a 



\ 



;^ZX 






,L 



XTIP^/ V Valul V " S V r ^^S^' 

D '» A A "«* A t l A p»» A 



■PACKAGE outline 

• HB56 1003 A Series 



i 4 



Unit mm (inch) 



Vcc 


1 


CAS 


2 


DQO 


3 


AO 


4 


Al 


5 


DQ1 


6 


A2 


7 


A3 


8 


Vss 


9 


DQ2 


10 


A4 


11 


A5 


12 


DQ3 


13 


A6 


14 


A7 


15 


DQ4 


16 


A8 


17 


NC 


18 


NC 


19 


DQ5 


20 


WE 


21 


Vss 


22 


DQ6 


23 


NC 


24 


DQ7 


25 


PQ 


26 


RAS 


27 


PCAS 


28 


PD 


29 


Vcc 


30 
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• HB561003B Series 



(0 125) DIA Thru 



fflOQOOaQq pqQ P aqqqQ PqQqayyPQqQQQ 



)A 



Unit mm (inch) 



Note: Contact pads are overcoated with Tin/Lead. 



.i273jg (0 053 gj) 



Vfcc 


1 


CAS 


2 


DQO 


3 


A0 


4 


Al 


5 


DQ1 


6 


A2 


7 


A3 


8 


Vss 


9 


DQ2 


10 


A4 


11 


A5 


12 


DQ3 


13 


A6 


14 


A7 


15 


DQ4 


16 


A8 


17 


NC 


18 


NC 


19 


DQ5 


20 


WE 


21 


Vss 


22 


DQ6 


23 


NC 


24 


DQ7 


25 


PQ 


26 


RAS 


27 


PCAS 


28 


PD 


29 


Vcc 


30 
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HB56A18A/B Series 



Preliminary 



1,048,576 words x 8-bits High Density Dynamic RAM Module 

■ FEATURES 

• High Density Industry Standard 30 Pin SIP 

• +5V Single Supply 

• High Speed: 

Fast Access Time from RAS 100ns/120ns/150ns (max) 
Fast Access Time from CAS 50ns/60ns/75ns (max) 
Fast Access Cycle Time (Read or Write) 190ns/220ns/ 
260ns (min) 

• Low Power Operation and Low Power Standby: 

Operation: 1.8Wtyp. 
Standby: 20 mW typ. 

• Page Mode Capability 

• 3 V ariati ons of Refresh Capability 

RAS Only R efres h 

CAS before RAS Refresh 

Hidden Refresh 

• Directly TTL Compatible: All Input and Outputs 

• Available in SIP and SIMM 




BLOCK DIAGRAM 



A0-A9® ^r 

RAS© — p" 

CAS@— £ 
WE© — C 



I 



I 



(Q) © 



T 



© <§> 4_® <s><s 



^)V CC 
-^)GND 



DQo DQi DQ 2 DQ 3 DQ 4 DQ 5 DQ 6 DQ 7 PCAS PD PQ 



I 



PIN ARRANGEMENT 



n^f^^r^MM^Nmmmmmmm 



V cc DQO A1 A2 V ss A4 DQ3 A7 A8 NC WE DQ6 DQ7 NC NC 
CAS A0 DQ1 A3 DQ2 A5 A6 DQ4 A9 DQ5 V ss NC NC NC V cc 

Note) The specifications of this device are subject to change without notice 

Please contact your nearest Hitachi's Sales Department regarding specifications. 
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HB56A19A/B Series 



Preliminary 



1,048,576 words x 9-bits High Density Dynamic RAM Module 

■ FEATURES 

• High Density Industry Standard 30 Pin SIP 

Mounting 9 pes of 1 M Dynamic RAM (J-bend SO) 

• +5V Single Supply 

• High Speed: 

Fast Access Time from RAS 100ns/120ns/150ns (max) 
Fast Access Time from CAS 50ns/60ns/75ns (max) 
Fast Access Cycle Time (Read or Write) 190ns/220ns/ 
260ns (min) 

• Low Power Operation and Low Power Standby: 

Operation: 2 W typ. 
Standby: 22 mW typ. 

• Page Mode Capability 

• 3 V ariati ons of Refresh Capability 

RAS Only R efres h 
CAS before RAS Refresh 
Hidden Refresh 

• Directly TTL Compatible: All Input and Outputs 

• Available in SIP or SIMM 




BLOCK DIAGRAM 



A -A 9 ©— j 
RAS® — -r- 

CAS® — r 



WE®~ 



® 
DQo 



® 
DQ, 



DQ 2 



DQ 3 



r. 



dq 4 



x 



j: 



DQ 5 



® 
DQ 6 DQ 7 



X 



PIN ARRANGEMENT 




Note) The specifications of this device are subject to change without notice. 

Please contact your nearest Hitachi's Sales Department regarding specifications 
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HBS61008B Series 



262,144-word x 8-bit Dynamic Random Access Memory Module 

The HB561 008B is a 2M dynamic random-access memory module organized as 262,144 x 8 bits in a lead- 
less 30-pin single-in-line package comprising eight HM50256CP, 262,144 X 1 bit dynamic RAMs in 18-pin 
Plastic Leaded Chip Carrier mounted on top of a subtrate together with decoupling capacitors mounted 
beneath the chip carriers. 

■FEATURES 

• 262,144 words 8 bits Organization 

• Industry standard 30-Pin Single Inline Package Memory Module 

• Single 5V (±10%) 

• Utilizes eight 256K Dynamic RAMs in PLCC (HM50256CP) 

• HB561008B operates as eight HM50256CP as shown in the functional block diagram. 

• Low Power; Operating: 1,920mW typ. (t RC - 260ns) 

Standby: 120mWtyp. 

• Highspeed: 





Access Time 
from RAS (max) 


Access Time 
from CAS (max) 


Read or Write 
Cycle (mm) 


HB561008B-12 


120ns 


70ns 


220ns 


HB561008B-15 


150ns 


75ns 


260ns 


HB561008B-20 


200ns 


100ns 


330ns 



Page mode capability 
TTL compatible 
256 refresh cycles: (4ms) 
3 variations of refresh 

RAS only refresh 

CAS before RAS refresh 

Hidden refresh 
Operating Ambient Air Temperature: to +70°C 



I PIN ARRANGEMENT 



o 


) 


1C 


) 


D 


DDE 


: 




C 


1DD 


□ 


DDE 


11 




C 


DD 


o 

DDDD 



m 



CO , << K ^0'<<0'- 



! ^ <3is ? $ z » £l< £ z a 

■ z qIS i- a 2 q 7|S ^ z ^ 



(Side View) 

• Common CAS control for eight common Data-in and Data-Out 
lines. 

• The common I/O feature dictates the use of only early write 
operations to prevent contention on D and Q. 



PIN NOMENCLATURE 


A0~ 


A8 


Address Inputs 


CAS 


Column Address Strobes 


DQ0- 


DQ7 


Data In/Data Out 


NC 


No Connection 


RAS 


Row Address Strobes 


WE 


Write Enable 


Vcc 


4- 5V Supply 


Vss 


Ground 
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HB561008B Series - 



■ FUNCTIONAL BLOCK DIAGRAM 



rTq (27) 
— """T2T 

WE— 4^ 



. c mj- 



Mi 



Ao~A 8 
RAS 
CAS 
WE 
Din 
Vcc 



Dout 
Vss 



M2 



Ao-As 

{>|ras 

■{>CAS 
{>WE 
Din 
Vcc 



Dout 
Vss 



M3 



Ao~A8 
RAS 
CAS 
WE 
Din 
Vcc 



Dout 

Vss 



M4 



/— Ao~A« 
-ORAS 

-Ocas 

-OWE 



Din 



Dout 
Vss 



•tv Cl : •TsC 



-,DQ7^ 



■+ — Ao-As 
-ORAS 
-OCAS 
-OWE 



Dout 

Vss 



Mb 



+— Ao~A 8 

-Oras 
-Ocas 
-Owe 



Vcc 



Dout 

Vss J 



M? 



Ao-Aa 

OJRAS 
{> CAS 
OJWE 

Din 
\cc 



ORAS 



M8 



-As 



CAS 
WE 
Din 
Ire 



■ ABSOLUTE MAXIMUM RATING 

Voltage on any pin relative to V$s' -IV to +7V 
Operating temperature, T a (Ambient): 0°C to +70°C 
Storage temperature (Ambient): -55°C to +125°C 
Power dissipation: 8W 
Short circuit output current: 50mA 

■RECOMMENDED DC OPERATING CONDITIONS ( Ta=0 to +70C) 



Parameter 


Symbol 


min. 


typ. 


max. 


Unit 


Notes 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


1 


Input High Voltage 


VlH 


2.4 


- 


6.5 


V 


1 


Input Low Voltage 


VlL 


-1.0 


- 


08 


V 


1 



Notes 1 AH voltages referenced to Vss 
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-HB561008B Series 



■DC ELECTRICAL CHARACTERISTICS (Ta=0 to +70C, Fcc = 5V + 10%, Vss=0V) 



Parameter 


Symbol 


min. 


max 


Unit 


Notes 


Operating current tRc = 330ns 
foc = 260ns 
tRc — 220ns 


Icc\ 


- 


440 
560 
660 


mA 


1 


Standby current 


lea 


— 


36 


mA 




Refresh current /«c = 330ns 
tRC = 260ns 
/*c = 220ns 


ICC3 


- 


335 
425 
495 


mA 


RAS only Refresh 


Standby current (Dout Enable) 


ICC5 


- 


80 


mA 


1 


Refresh current /«c = 330ns 
tRc = 260ns 
/«c= 220ns 


ICC6 


- 


360 
465 
550 


mA 


CAS before 
RAS Refresh 


Input leakage 0< K .i< 7V 


III 


-10 


10 


M 




Output leakage 0< V, n <7V 


Ilo 


-10 


10 


M A 


Dout is disabled 


Output levels High (/<.«< = - 5mA) 


VOH 


24 


Vcc 


V 




Low (/ ou( =4 2mA) 


Vol 





04 


V 





■ CAPACITANCE 


/cc = 5V±10%,Ta = 


= 25°C) 








Parameter 


Symbol 


typ. 


max 


Unit 


Notes 


Address 


C/i 


- 


55 


pF 


2 


Clocks 


Cn 


- 


70 


pF 


2,3 


DQ 


Q/o 


- 


17 


PF 


2,3 



Notes: 1 . IqC depends on output loading condition when the device is selected, IqC max * s specified at the output 
open condition. 

2. Capa citance measured with Boonton Meter or effective capacitance measuring method. 

3. CAS = Vfff to disable D OU f 



■ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(7fl=0to +70°C, Vcc = 5V± 10%, Vss = 



V) 



Parameter 


Symbol 


HB561008B-12 


HB561008B-15 


HB561008B-20 


Unit 


Note 


min 


max. 


min 


max 


min. 


max 


Access Time from RAS 


tRAC 


- 


120 


- 


150 


- 


200 


ns 


2,3 


Access Time from CAS 


tCAC 


- 


70 


- 


75 


- 


100 


ns 


3,4 


Output Buffer Turn-off Delay 


toFF 


- 


30 


- 


40 


- 


50 


ns 


5 


Transition Time (Rise and Fall) 


tT 


3 


50 


3 


50 


3 


50 


ns 


6 


Random Read or Write Cycle Time 


tRC 


220 


- 


260 


- 


330 


- 


ns 




RAS Precharge Time 


tRP 


90 


- 


100 


- 


120 


- 


ns 




RAS Pulse Width 


tRAS 


120 


10000 


150 


10000 


200 


10000 


ns 




CAS Pulse Width 


tCAS 


70 


10000 


75 


10000 


100 


10000 


ns 




RAS to CAS Delay Time 


tRCD 


35 


50 


35 


75 


35 


100 


ns 


7 


RAS Hold Time 


tRSH 


70 


- 


75 


- 


100 


- 


ns 




CAS Hold Time 


tcSH 


120 


- 


150 


- 


200 


- 


ns 




CAS to RAS Precharge Time 


tcRP 


10 


- 


10 


- 


10 


- 


ns 




Row Address Set-up Time 


tASR 





- 





- 





- 


ns 




Row Address Hold Time 


tRAH 


15 


- 


15 


- 


20 


- 


ns 




Column Address Set-up Time 


tASC 





- 





- 





- 


ns 




Column Address Hold Time 


tcAH 


25 


- 


25 


- 


30 


- 


ns 




Column Address Hold Time referenced to RAS 


tAR 


75 


- 


100 


- 


130 


- 


ns 




Read Command Set-up Time 


twcs 





- 





- 





- 


ns 


8 


Write Command Hold Time 


twCH 


45 


- 


45 


- 


55 


- 


ns 




Write Command Hold Time referenced to RAS 


twCR 


95 


- 


120 


- 


155 


- 


ns 




Write Command Pulse Width 


twp 


45 


- 


45 


- 


55 


- 


ns 




Write Command to RAS Lead Time 


tRHL 


45 


- 


45 


- 


55 


- 


ns 




Write Command to CAS Lead Time 


tcWL 


45 


- 


45 


- 


55 


- 


ns 




Data-in Set-up Time 


tDS 





- 





- 





- 


ns 





I 



(to be continued) 
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HB561 008B Series 


Parameter 


Symbol 


HB561008B-12 


HB561008B-15 


HB561008B-20 


Unit 


Note 


min. 


max. 


mm. 


max. 


min. 


max. 


Data-in Hold Time 


tDH 


45 


- 


45 


- 


55 


- 


/» 




Data-in Hold Time referenced to RAS 


tDHR 


95 


- 


120 


- 


155 


- 


ns 




Read Command Set-up Time 


tRCS 





- 





- 





- 


ns 




Read Command Hold Time referenced to CAS 


tRCH 





- 





- 





- 


ns 




Read Command Hold Time referenced to RAS 


tRRH 


10 


- 


10 


- 


10 


- 


ns 




Refresh Period 


tREF 


- 


4 


- 


4 


- 


4 


ms 




CAS Precharge Time 


tcPN 


50 


- 


60 


- 


80 


- 


ns 




CAS Set-up Time 


tcSR 


10 


- 


10 


- 


10 


- 


ns 




CAS Hold Time (CAS before RAS) 


tCHR 


120 




150 


- 


200 


- 


ns 




RAS Precharge to RAS Hold Time 


tRPC 





- 





- 





- 


ns 





Notes: 1. AC measurements assume tj = 5ns. 

2. Assumes that tRCD — { RCD (max). If fflCD is greater than the maximum recommended value shown in this 
table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads and lOOpF. 

4. Assumes that tRCD^ *RCD (max). 

5. tQpp (max) defines the time at which the output achieves the open circuit condition and output voltage levels 
are not referred. 

6. Vjff (min) and Vjl (max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vjf{ and K//,. 

7. Operation with the tRCD (max) limit insures that tRAC (max) can be met. tRCD (max) is specified as a re- 
ference point only; if tRCD * s greater than the specified tRCD (max) limit, access time is controlled exclusively 
by tCAC- 

8. An initial pause of lO O^sis required after power-up. Then execute at least 8 initialization cycles. 

9. At least 8 CAS before RAS refresh cycles are required before using internal refresh counter. 



■WAVE FORMS 

• Read Cycle 



\ 



:i3; 



\; 






X 



/ 



/ 



X 



< 



> 
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• Write Cycle 



HB561008B Series 



• RAS Only Refresh Cycle 




\ 



x 



x 



*K.«fie»li Vldi«* \o Ar(A\o A\r> 



/T\ 



=r 



X 



I 
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• Hidden Refresh Cycle 



*" L"- "^ "" (Reflet "" J W v ^ l|<i'fii-,li" i * 0_ 



•* ltt _XICN3 



\ 



X 



c 



\ Jul Daw 
fj 



/ 



:oc 



'V 



• CAS Before RAS Refresh Cycle 



\ 



/ 1 / \ Y 



X 



• COUNTER TEST 



/ \ 



M r \ 



>T^~ X X 



Column 
Address 



J 



Dotted line means read tvcle 



X 



?%zjo. 



r 
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• Page Mode Read Cycle 



HB561008B Series 



Parameter 


Symbol 


HB561008B-12 


HB561008B-15 


HB561008B-20 


Unit 


Note 


min. 


max 


min. 


max. 


min. 


max. 


Page Mode Supply Current 


Icci 


- 


455 


- 


385 


- 


295 


mA 




Page Mode Read or Write Cycle 


tpc 


130 


- 


145 


- 


190 


- 


ns 




CAS Precharge Time, Page Cycle 


tcp 


50 


- 


60 


- 


80 


- 


ns 





DQ 



/ 



\ 






/~\s~x-y 



Col 
Add 



2: 



;rz± 



v — ^ r ~^~~V 



£Zl 



• Valid ^ 



"** A A »«■ A u A ^ A 
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• Page Mode Write Cycle 




fL A ** j^ Add j\ A 



^; 



;/Hi 



X-hJ-X p X 



zr^ 



fDH | JOtf , | tDH | 

XTZTY V vahd V M ^'"^TV 

Data A A p™ A u A d»- f \ 



z 



IPACKAGE OUTLINE; Unit: mm (inch) 



[]OODDODODOOODaOODDDDDDC3C3DDOOOD 




Note) Contact pads are overcoated with Tin/Lead. 



Unit mm (inch) 



Vcc 


1 


CAS 


2 


DQO 


3 


AO 


4 


Al 


5 


DQ1 


6 


A2 


7 


A3 


8 


Vss 


9 


DQ2 


10 


A4 


11 


A5 


12 


DQ3 


13 


A6 


14 


A7 


15 


DQ4 


16 


A8 


17 


NC 


18 


NC 


; 19 


DQ5 


20 


WE 


21 


Vis 


22 


DQ6 


23 


NC 


24 


DQ7 


25 


NC 


26 


RAS 


27 


NC 


28 


NC 


29 


Vcc 


30 
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HN61364P, HN61364FP 

8192-word x 8-bit CMOS Mask Programmable Read Only Memory 



The HN61364P/FP is a mask-programmable, byte-organized memory 

designed for use in bus-organized systems. 

To facilitate use, the device operates from a single power supply, has 

compatibility with TTL, and requires no clocks or refreshing because of 

static operation. 

The active level of the CS, OE ~~ OE 2 inputs and the memory content 

are defined by the user. The Chip Select input deselects the output and 

puts the chip in a powerdown mode. 

■ FEATURES 

• Fully Static Operation 

• Automatic Power Down 

• Single +5V Power Supply 

• Three-state Data Output for OR-ties 

• Mask Programmable Chip Select and Output Enable 

• TTL Compatible 

• Maximum Access Time; 250ns 

• Low Power Standby and Low Power Operation; Standby 5/iW (typ), 
Operation 50mW (typ) 

• Pin Compatible with EPROM 

■ BLOCK DIAGRAM 



HN61364P 





Memory 
Matrix 
(8192X8) 



3-State 
Output 
Buffer 



* Active level defined by the user 



■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage* 


V C c 


-0.3 to +7.0 


V 


All Input and Output Voltage* 


v T 


-0.3 to +7.0 


V 


Operating Temperature 


I OPT 


-20 to +75 


°C 


Storage Temperature 


T 8t8 


-55 to +125 


°C 


Storage Temperature (under Bias) 


' bia$ 


-20 to +85 


°C 



* with respect to F sg 
■ RECOMMENDED DC OPERATING CONDITIONS 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage » 


Vcc 


4.5 


5.0 


5.5 


V 


Input Voltage * 


V,L 


-0.3 


- 


0.8 


V 


V,H 


2.2 


- 


^cc 


V 


Operating Temperature 


' opr 


-20 


- 


75 


°C 



* with respect 



■ PIN ARRANGEMENT 


• HN61364P 


nc(T 




28) Vcc 


A,i[T 




27JOE,* 


A 'U 




26)OE 2 * 


A 6 [T 




25JA 8 


As[? 




24] A, 


A 4 [j[ 




23] A,, 


A 3 |T 




22)OE * 


A 2 [¥ 




2l]A,o 


A, [7 




20]CS* 


A [To 




19] D, 


Do[n 




lE D 6 


D,(72 




n]D s 


D 2 [n 




jH d « 


Vssfc 




TslDj 



(Top View) 

* Mask Programmable 

• HN61364FP 




i Top View) 
* Mask Programmable 
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-HN61364P, HN61364FP 



■ ELECTRICAL CHARACTERISTICS (V cc = 5V±10%, V^ = OV, T a = -20 


to +75°C) 






Item 


Symbol 


Test Condition 


min 


typ** 


max 


Unit 


Input High-level Voltage 


Ym 




2.2 


- 


Vcc 


V 


Input Low-level > 
Output High-leve 


/oltage 


V IL 




-0.3 


- 


0.8 


V 


Voltage 


V H 


/ OH =-205/uA 


2.4 


- 


- 


V 


Output Low-level Voltage 


Vol 


/ OL =3.2mA 


- 


- 


0.4 


V 


Input Leakage Current 


'LI 


K in =0 to 5.5V 


- 


- 


2.5 


ma 


Output High-level Leakage Current 


Iloh 


V out ='2AV, CS=0.8V, CS=2.2V 


- 


- 


10 


ma 


Output Low-level Leakage Current 


Ilol 


V out =0AV, CS=0.8V, CS=2.2V 


- 


- 


10 


ma 


Supply Current 


Active 


Ice* 


Vcc=5.5\,lout=OmKtRc=m\nMy=\00% 


- 


10 


25 


mA 


Standby 


IsB 


K CC =5.5V, CS^K CC -0.2V, CS^0.2V 


- 


1 


30 


AiA 


Input Capacitance 


'-'in 


K, n =0V,/=lMHz,7>25°C 


- 


- 


10 


pF 


Output Capacitance 


^out 


- 


- 


15 


pF 



' Steady state current ** V cc = 5V, T a = 25°C 
'** This parameter is sampled and not 100% tested. 

I AC CHARACTERISTICS (READ CYCLE) 

(Vcc = 5V±10%, Vss = 0V, Ta=-20 to +75°C, t r = i/ = 20ns) 



Item 


Symbol 


min 


max 


Unit 


Read Cycle Time 


( RC 


250 


- 


ns 


Address Access Time 


*AA 


- 


250 


ns 


Chip Select Access Time 


tACS 


- 


250 


ns 


Chip Selection to Output in Low Z 


*CLZ 


10 


- 


ns 


Output Enable to Output Valid 


t()E 


- 


100 


ns 


Output Enable to Output in Low Z 


X OLZ 


10 


- 


ns 


Chip Deselection to Output in High Z 


ICHZ* 





100 


ns 


Output Disable to Output in High Z 


*OHZ* 





100 


ns 


Output Hold from Address Change 


*OH 


10 


- 


ns 



tCHZ and tOHZ defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 



■ TIMING WAVEFORM 
• Read Cycled) 



r- 



~IZ)C 



a 



-'AA 



cs" 1 



hiz- 



*XX 



-W 22 



' ' JOHZ —J 



—'OIIZ _ , 
-tCHZ' — — 



• Read Cycle (2) Notes 1 , 3 



ZDC~ 



3eex< 



:fe 



• Read Cycle (3) Notes 2, 3 
CS vi 



J 



RM 



>- 



• AC TEST LOAD 



(i = 130pF:= > llkQ 



5 0V ( Vcc) 
RL=2 4kQ 



Notes) 1 J,-*/- 20ns 

2. Cl includes jig capacitance. 
3 All diodes are IS 2074®. 



NOTES: 

1 . Device is continuously selected. 

2. Address Vaild prior to or coincident 
wit h CS transition low. 

3. OE~V/ L 

4. Input pulse level: 0.8 to 2.4V 

5. Input and output reference level: 
1.5V 
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8192-word x 8-bit CMOS Mask Programmable Read Only Memory 

The HN61365P is a mask-programmable, byte-organized memory 
designed for use in bus-organized systems. 

To facilitate use, the device operates from a single power supply, 
has compatibility with TTL, and requires no clocks or refreshing 
because of static operation. 

The active level of the CS input and the memory content are de- 
fined by the user. The chip select input deselects the output and 
puts the chip in a power-down mode. 



■ FEATURES 

• Fully Static Operation 

• Automatic Power Down 

• Single +5 V Power Supply 

• Three-State Data Output for OR-Ties 

• Mask Programmable Chip Select 

• TTL Compatible 

• Maximum Access Time; 250ns 

• Low Power Standby and Low Power Operation; Standby 5/uW 
(typ.) f Operation 50mW (typ.) 

• Pin Compatible with EPROM 



■ BLOCK DIAGRAM 




a - 


Address 
Decoder 














Memory 

Matrix 

(8192X8) 




3-State 
Output 
Buffer 


^ 


Ai— — 




i i m n i 


Aj 








A3 — 






A4— — 






As — 






A«— — 




■ 


At — 






A$__ 








A»— — 

A 10 

An — — 

Al2 — 














fet 










IPIN ARRANGEMENT 




(Top View) 



* Active level defined by the user. 



■ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage* 


Vcc 


-0.3 to +7.0 


V 


All Input and Output Voltage* 


Vt 


-0.3 to 4-7.0 


V 


Operating Temperature 


IV 


-20 to +75 


*C 


Storage Temperature 


7-.,, 


-55 to +125 


•c 


Storage Temperature (under bias) 


7*,i. 


-20 to +85 


•c 



* with respect to V ti 
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HN61365P 



IRECOMMENDED DC OPERATING CONDITIONS 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage* 


Vcc 


4.5 


5.0 


5.5 


V 


Input Voltage 


V, L 


-0.3 


- 


0.8 


V 


v lH 


2.2 


- 


Vcc 


V 


Operating Temperature 


T„r 


-20 


- 


75 


•c 



* With respect to V,i 



■ ELECTRICAL CHARACTERISTICS (K C c-5V ±10%, K ss -0V, 


Ta*-~ 20 to + 75*C) 




Item 


Symbol 


Test Conditions 


min 


typ" 


max 


Unit 


Input Voltage 


V IH 




2.2 


- 


V cc 


V 


V,L 




-0.3 


- 


0.8 


V 


Output Voltage 


VoH 


7oh--205M 


2.4 


- 


- 


V 


Vol 


Joi-3.2mA 


- 


- 


0.4 


V 


Input Leakage Current 


I LI 


V, W -0~5.5V 


- 


- 


2.5 


M 


Output Leakage Current 


Iloh 


CS-0.8V, CS-2.2V 


^..,-2.4V 


- 


- 


10 


M 


Ilol 


V...-0.4V 


- 


- 


10 


M 


Active Supply Current 


he* 


Vcc = 5.5V, /oi/r=0mA, toe = min, duty =100% 


- 


10 


25 


mA 


Stand by Supply Current 


I SB 


CS^Vcc-0.2V, CS£0.2V, V CC -5.5V 


- 


l 


30 


M 


Input Capacitance 


C,.*" 




- 


- 


10 


PF 


Output Capacitance 


c„,*** 






- 


- 


15 


pF 



• Steady state current 



Vcc — 5V, 7«=25*C ••• This parameter is sampled and not 100% tested 



■AC CHARACTERISTICS 

• READCYCLE (V r cc -5V±10%, Vss-0V, Ta=-20 to +75°C, t r =tj=20ns) 



Item 


Symbol 


mm 


max 


Unit 


Read Cycle Time 


tRC 


250 


- 


ns 


Address Access Time 


tAA 


- 


250 


ns 


Chip Select Access Time 


tACS 


- 


250 


ns 


Chip Selection to Output in Low Z 


tcLZ 


10 


- 


ns 


Chip deselection to Output in High Z 


tcHZ * 





100 


ns 


Output Hold from Address Change 


toH 


H) 


- 


ns 



• h h/ defind the time at which the output achi\es the open circuit condition and i 

■TIMING waveform 

• READ CYCLE (1) 



not reference to output \oltage levelb 

• AC TEST LOAD 



3Sk 



KXX 



{777< 



ZZ 



Wr 



• READ CYCLE (2) (Notes 1) 



zx 



]£XXX 



X 



>READ CYCLE (3) (Notes 2) 



YZZK 




Test Point o- 



Ci=i30pF ^ : • 



5 0V (Vcc) 
Ki=2 4kQ 



Notes) 1 1,-1/ -20ns. 

2. Cl includes jig capacitance. 
3 All diodes are 1S2074®. 



Notes) 

1 Device is continuously selected 
2 . Address Valid prior to or coincident with CS 
transition low. 

3 Input pulse level 8 to 2 4V 

4 Input and output timing reference level * 1 5V 



I 
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HN61366P 



8192-word x 8-bit CMOS Mask Programmable Read Only Memory 

The HN61366P is a mask-programmable, byte-organized memory 

designed for use in bus-organized systems. 

To facilitate use, the device operates from a single power supply, has 

compatibility with TTL, and requires no clocks or refreshing because of 

static operation. 

The active level of the OE input and the memory content are defined 

by the user. 

■ FEATURES 

• Fully Static Operation 

• Single +5V power supply 

• Three-State Data Output for OR-Ties 

• Mask Programmable Output Enable 

• TTL Compatible 

• Maximum Access Time; 250ns 

• Low Power Operation; 50m W (typ.) 

• Pin Compatible with EPROM 

■ BLOCK DIAGRAM 



Ao_ 
Ai_ 



An_ 
A12- 



Address 
Decoder 














Memory 
Matrix 
(8192X8) 




'3-State 
Output 
Beffer 
























. 


i 



-Do 
-Di 

_D2 

-Ds 
-.D« 
-Ds 
-De 




IPIN ARRANGEMENT 
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* Active level defined by the user 



(Top View) 



IABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage* 


Vcc 


-0.3 to +7.0 


V 


All Input and Output Voltage* 


V T 


-0.3 to +7.0 


V 


Operating Temperature 


7V 


-20 to +75 


•c 


Storage Temperature 


T.„ 


-55 to +125 


•c 


Storage Temperature (under bias) 


T it „ 


-20 to +85 


*C 



* With respect to V ss 



IRECOMMENDED DC OPERATING CONDITIONS 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage* 


Vcc 


4.5 


5.0 


5.5 


V 


Input Voltage* 


v, L 


-0.3 


- 


0.8 


V 


V, H 


2.2 


- 


Vcc 


V 


Operating Temprature 


T.,r 


-20 


- 


75 


*C 



♦ With respect to V ss 
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■ELECTRICAL CHARACTERISTICS (V CC = SV±10% 


, V ss = 0V, 


ra=-2( 


) to +75°C) 




Item 


Symbol 


Test Conditions 


min 


typ" 


max 


Unit 


Input Voltage 


v,» 




2.2 


- 


Vcc 


V 


V IL 




-0.3 


- 


0.8 


V 


Output Voltage 


VoH 


Jo*--205M 


2.4 


- 


- 


V 


Vol 


/ot-3.2mA 


- 


- 


0.4 


V 


Input Leakage Current 


lu 


v^-o-s.sv 


- 


- 


2.5 


M 


Output Leakage Current 


Iloh 


OE-0.8V, OE-2.2V 


Vbt/r- 2.4V 


- 


- 


10 


M 


Ilol 


Vovt-OAV 


- 


- 


10 


M 


Operating Supply Current 


Ice* 


Vcc= 5.5V, Iout= OmA, tec = min 


- 


10 


25 


mA 


Input Capacitance 


c..*** 




- 


- 


10 


pF 


Output Capacitance 


C,*" 






- 


- 


15 


pF 



• Steady state current •• Vcc=5V, r,=25*C 

* * * This parameter is sampled and not 100% tested 



■AC CHARACTERISTICS 

• READ CYCLE (V CC -5V±10%, V ss = 0V y Ta 20~~ + 75°C, l r -«/-20ns) 



• AC TEST LOAD 



Item 


Symbol 


min 


max 


Unit 


Read Cycle Time 


tRC 


250 


- 


ns 


Address Access Time 


tAA 


- 


250 


ns 


Output Enable to Output Valid 


l0E 


- 


100 


ns 


Output Enable to Output in Low Z 


toLZ 


10 


- 


ns 


Output Disable to Output in High Z 


toHZ* 





100 


ns 


Output Hold from Address Change 


t0H 


10 


- 


ns 



* Iohi defines the time at which the output achie 

■ TIMING WAVEFORM 

• READ CYCLE (1) 




condition and is not reference to output voltage levels 



;) 1 f,=//=20ns 

2 Cl includes jig capacitance 

3 All diodes are 1S2074® 



K 



)C 



5E 



S2i 



©c 




• READ CYCLE (2) 



Note 1) 



X 



XSXK 



)C 



~\7- 



I 



Note) 1. OE-V„ 

2 . Input pulse level •' 0.8 to 2.4V 

3 . Input and output timing reference level : 1.5V 
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HN613128P, HN613128FP 



16384-word x 8-bit CMOS Mask Programmable Read Only Memory 

The HN613128P/FP is a mask-programmable, byte-organized 
memory designed for use in bus-organized systems. To facilitate use, 
the device operates from a single power supply, has compatibility 
with TTL, and requires no clocks or refreshing because of static ope- 
ration. The active level of the CS, OE , OEi input and the memory 
content are defined by the user. The Chip Select input deselects the 
output and puts the chip in a power-down mode. 



FEATURES 

Fully Static Operation 

Automatic Power Down 

Single +5V Power Supply 

Three-State Data Output for OR-Ties 

Mask Programmable Chip Select, Output Enable 

TTL Compatible 

Maximum Access Time; 250ns 

Low Power Standby and Low Power Operation; 
Standby: 5/uW (typ.) 

Operation: 50mW (typ.) 

Pin Compatible with EPROM 



I BLOCK DIAGRAM 
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* Active level defined by the user i 



IABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage* 


Vcc 


-0.3 to +7.0 


V 


All Input and Output Voltage* 


Vt 


-0.3 to +7.0 


V 


Operating Temperature Range 


T.,r 


-20 to +75 


*C 


Storage Temperature Range 


T., t 


-55 to + 125 


*C 


Storage Temperature Range (under bias) 


T>„. 


-20 to +85 


•c 


* With respect toVss. 

■ RECOMMENDED DC OPERATING ( 


:ONDITIONS 




Item 


Symbol 


min. 


typ. 


max. 


Unit 


Supply Voltage* 


Vcc 


4.5 


5.0 


5.5 


V 


Input Voltage* 


VlL 


-0.3 


- 


0.8 


V 


V,H 


2.2 


__ 


Vcc 


V 


Operating Temperature 


7V 


-20 


- 


75 


*C 



HN613128P 




HN613128FP 




■ PIN ARRANGEMENT 
• HN613128P 




(Top View) 



• HN613128FP 

ft ft ft ft ft 

,ElRP PF) 



Ku ft ft ft /W 

R RHHH 



CS[T 

*i«G 

NCfT 
NCfT 
NC(To 

nc(m 

NC[l2 
NCQ1 

ncE 

NCQs 
NCQe 

NC(H 
NCQs 
NCQ9 
NCrjo 



• With respect to V ss . 



^ At AuOEi'fa 



|a|N|»Jl3!JlSJ 

NC Aii A> At At 
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(Top View) 
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I ELECTRICAL CHARACTERISTICS (Vcc-5.0V±10%, Vss~OV, Ta= -20 to + 75°C) 



Item 


Symbol 


Test Condition 


min 


typ" 


max 


Unit 


Input High-level Voltage 


VlH 




2.2 


- 


Vcc 


V 


Input Low-level Voltage 


VlL 




-0.3 


- 


0.8 


V 


Output High-level Voltage 


VOH 


/o«--205M 


2.4 


- 


- 


V 


Output Low-level Voltage 


Vol 


/ot-3.2mA 


- 


- 


0.4 


V 


Input Leakage Current 


Ili 


V.-O to 5.5V 


- 


- 


2.5 


M 


Output High-level Leakage Current 


h0H 


V..«-2.4V,CS-0.8V,CS~-2.2V 


- 


- 


10 


M 


Output Low -level Leakage Current 


Ilol 


V„, -0.4V, CS -0.8V, CS~- 2.2V 


- 


- 


10 


M 


Supply Current (Active /Standby) 


lec/U 


Vcc=55V,&<WT=QmA, fee =mm, duty =100%/CS* Vcc -0.2V,CS£0.2V 


- 


10/1 


25/30 


mA/M 


Input Capacitance 


C.'*» 


V..-0V,/-1.0MHz. Ta-25'C 


- 


- 


10 


P F 


Output Capacitance 


a.,**' 


V.. -0V,/-1.0MHz, 7a-25*C 


- 


- 


15 


pF 



* Steady state c 

* * * This parameter i 



•• Vcc = 5V, T.=25*C 
sampled and not 100% tested. 



■AC CHARACTERISTICS (READ CYCLE) 

(Vcc = 5.0V±10%, Vss = 0V, Ta=-20 to +75°C,A11 timing with *, = /, 


= 20ns) 


Item 


Symbol 


HN613128P 


Unit 


min 


max 


Read Cycle Time 


tRC 


250 


- 


ns 


Address Access Time 


Iaa 


- 


250 


ns 


Chip Select Access Time 


f/tO 


- 


250 


ns 


Chip Selection to Output in Low Z 


tdZ 


10 


- 


ns 


Output Enable to Output Valid 


toE 


- 


100 


ns 


Output Enable to Output in Low Z 


t()LZ 


10 


- 


ns 


Chip deselection to Output in High Z 


t CHZ * 





100 


ns 


Output Disable to Output in High Z 


toHZ * 





100 


ns 


Output Hold from Address Change 


I OH 


10 


- 


ns 



* tail and Una defines the time at which the output achieves the open circuit conditio 

■ TIMING WAVEFORM 
• READ CYCLE (1) 



s not reference to output voltage levels 













Address H 


( 


X 




m U * 












f 




^ \\\\\\\> 


k 


////// 




tot 




tOK 














- W> 


k 


tOLZ 




> 


i< 


'/// 


'// 




m t*cs 








tOHZ 
tCMZ 








tCLZ 


ka 


/ \ 


00 










c 




/ 





• AC TEST LOAD 






5 0V (Vcc) 
Rt=2 4kQ 



• READ CYCLE (2) (Notes 1,3) 



X 



]SXX»C 



X 



• READ CYCLEO) (Notes 2,3) 

cs \. 



x 



X 



es) 1 tr=t/=20ns 

2 Cl includes jig capacitance. 

3 All diodes are 1S2074<8> 



NOTES: 

1. Device is continuously selected. 

2. Address Valid prior to or coincident 
with CS transition low. 

3. OE=K/L. 

4. Input pulse level: 0.8 to 2.4V 

5. Input and output reference level 
1.5V 



I 



YZSK 



>- 



^HITACHI 

Hitachi America Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 



453 



HN61256P, HN612S6FP 



HN61256P 



32768 x 8-bit or 65536 x 4-bit CMOS Mask Programmable Read Only Memory 

The Hitachi HN61256P/FP is a mask programmable 32768 x 8-bit or 
65536x4-bit CMOS read only memory. It operates from a single 
power supply and is compatible with TTL. Low power consumption 
makes this memory well-suited for battery-operation or hand-held 
personal computers. Memory expansion can be implemented through 
one chip select input. Either active "High" or active "Low" or chip 
select input and a chip enable input are defined at mask level. The 
organization of 8 bit or 4 bit is defined by the user. 



IFEATURES 

1 Mask-programmable selection of either 4-bit or 8-bit organization 

Three-state outputs, can be wire-ORed. 

One mask programmable chip select terminal facilitates memory 

expansion. 

A single 5V power supply (±10%) 
1 Low power consumption: Operation 7.5m W (typ.), 

Standby 5/uW (typ.) 
1 TTL compatible 
1 Access time: 3.5*zs (max) 



I BLOCK DIAGRAM 



t 
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u 
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\ 
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262144 bits 



* 1 Active level defined at mask level. 

*2 Mask programmable selection of either 4-bit or 



In 4-bit organization, data outputs are D* to Da. 
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■ ABSOLUTE MAXIMUM RATINGS 


Item 


Symbol 


Rating 


Unit 


Supply Voltage* 


Vcc 


-0.3-+7.0 


V 


All Input and output Voltage * 


V T 


-0.3- Vcc 


V 


Operating Temperature Range 


T.,r 


0-+75 


*C 


Storage Temperature Range 


T. tt 


-55- + 125 


•c 


Bias Storage Temperature Range 


T»,„ 


-20- + 85 


*C 



HN61256P, HN61256FP 



Note I * Referenced to Vjj. 

■ ELECTRICAL CHARACTERISTICS 

(V CC = 5V±10%, V ss = 0V, Ta = 0~ + 75'C) 



Item 


Symbol 


Test Conditions 


min 


typ" 


max 


Unit 


Input "High" Level Voltage 


V,H 




2.4 


- 


Vcc 


V 


Input "Low" Level Voltage 


V IL 







- 


0.8 


V 


Output "High" Level Voltage 


VOH 


Ioh --100M 


2.4 


- 


- 


V 


Output "Low" Level Voltage 


Vol 


/o/.-1.6mA 


- 


- 


0.4 


V 


Input Leakage Current 


Ili 


K. -0-5.5V 


- 


- 


2.5 


M 


Output "High" Level Leakage Current 


Iloh 


CE-0.8V 
CE-2.4V 


V.., -2.4V 


- 


- 


5 


M 


Output "Low" Level Leakage Current 


Ilol 


,V» t -0.4V 


- 


- 


5 


M 


Supply Current 


In stand-by 


hB 


CS2: Vcc-0 2 V. 
CSS 2V 


Vcc-5.5V 


- 


l 


30 


M 


In operation 


Ice* 


£l =3 0<iS 


- 


1.5 


3.0 


mA 


Input Capacitance 


c.*** 




- 


- 


10 


pF 


Output Capacitance 


a.,*** 






- 


- 


12.5 


P F 



* Steady state current ••Vcc = 5V, T. = 25X 

* * * This parameter is sampled and not 100% tested. 



■AC CHARACTERISTICS 

>READCYCLE (V CC = 5V±10%, V ss = 0V, 7a-0~+75°C, t,= t/=-20ns) 



Item 


Symbol 


min 


max 


Unit 


Read Cycle Time 


t KC 


4.0 


- 


Ms 


Address Access Time 


tAACC 


- 


3.5 


Ms 


Chip Enable Access Time 


tEACC 


- 


3.0 


Ms 


Data Hold Time from Address 


tDF* 


0.05 


0.5 


Ms 


Address Set-up Time 


tAS 


0.5 


- 


Ms 


Address Hold Time 


t AH 





- 


Ms 


Chip Enable ON Time 


tvt 


3.0 


- 


Ms 


Chip Enable OFF Time 


tCE 


0.5 


- 


Ms 



* tut defines the 




itput voltage levels 



• AC TEST LOAD 



Test point q. 




I 



Notes) 1 *,=//=20ns 

2 Cl includes jig capacitance 

3 All diodes are 1S2074® 
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HN613256P, HN613256FP 



32768-word x 8-bit CMOS Mask Programmable Read Only Mem ory 

The HN613256P/FP is a mask-programmable, byte-organized memo- 
ry designed for use in bus-organized system. 

To facilitate use, the device operates from a single power supply, has 
compatibility with TTL, and requires no clocks or refreshing because 
of static operation. 

The active level of the CS and OE input, and the memory content 
are defined by the user. The Chip Select input deselects the output 
and puts the chip in a power-down mode. 

■ FEATURES 

• Fully Static Operation 
Automatic Power Down 
Single +5V Power Supply 
Three-state Data Output for OR-ties 
Mask Programmable Chip Select and Output Enable 
TTL Compatible 
Maximum Access Time: 250ns 
Low Power Standby and Low Power Operation; 
Standby 5/uW (typ.), Operation 50mW (typ.) 
Pin Compatible with EPROM 




(DP-28) 



HN613256FP 




(FP-54) 
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■ PIN ARRANGEMENT 




• HN613256P ,_ 


1 v^^ u_ 


NCJT 




28J Vcc 
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27}ai4 
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* Active level defined by the user. 



• HN613256FP 



(Top View) 



■ ABSOLUTE MAXIMUM RATINGS 



D? De Ds D< 



Vss D 2 Di Do Ao 



Item 


Symbol 


Value 


Unit 


Supply Voltage* 


Vcc 


-0.3 to +7.0 


V 


All Input and Output Voltage* 


v T 


-0.3 to +7.0 


V 


Operating Temperature Range 


Topr 


-20 to +75 


°c 


Storage Temperature Range 


T 9 tg 


-55 to +125 


°c 


Storage Temperature Range (Under Bias) 


Tbia$ 


-20 to +85 


°c 



♦With respect to Vss 
■ RECOMMENDED DC OPERATING CONDITIONS 



Item 


Symbol 


mm. 


typ. 


max. 


Umt 


Supply Voltage • 


Vcc 


4.5 


5.0 


5.5 


V 


Input Voltage* 


V,L 


~0.3 


- 


0.8 


V 


V,H 


2.2 


- 


Vcc 


V 


Operating Temperature 


T.,r 


-20 


- 


75 


*c 




A9 As AnAu Vcc NCA12 A? \e As 

(Top View) 



* With respect to V ss 
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HN613256P, HN613256FP 



■ ELECTRICAL CHARACTERISTICS (V C c = 5.0V±10%, V S s : 


= 0V,r a = -20~+75° 


C) 








Item 


Symbol 


Test Condition 


min 


** 
typ 


max 


Unit 


Input Voltage 


Vih 




2.2 


- 


Vcc 


V 


VlL 




-0.3 


- 


0.8 


V 


Output Voltage 


V H 


Ioh= -205 mA 


2.4 


- 


- 


V 


Vol 


Iol = 3.2 mA 


- 


- 


0.4 


V 


Input Leakage Current 


Hi 


K in = 0~5.5V 


- 


- 


2.5 


MA 


Output Leakage Current 


l LOH 


CS = 0.8V, CS = 2.2V 


V out = 2AV 


- 


- 


10 


MA 


1 LOL 


V out = 0.4V 


- 


- 


10 


ma 


Supply Current 


Active 


Ice* 


V C c = 5.5V, I out = 0mA, t RC = min, duty = 100%. 


- 


15 


30 


mA 


Standby 


J SB 


V CC - 5.5V, CS £ V CC ~ 0.2V, CS £ 0.2V 


- 


1 


30 


**A 


Input Capacitance 


Q„*** 


Vi a ft V /"= 1 MHz T -i<°r" 


- 


- 


10 


pF 


Output Capacitance 


Cout*** 






- 


- 


15 


pF 



* Steady state current *** This parameter is sampled and not 100% tested. 
**K cc =5V,7 a =25 C 

I AC CHARACTERISTICS (READ CYCLE) 

(Vcc = 5V±10%, Vss-OV, 7a= - 20~ + 75°C, *,= */= 20ns) 



Item 


Symbol 


min 


max 


Unit 


Read Cycle Time 


tRC 


250 


- 


ns 


Address Access Time 


tAA 


- 


250 


ns 


Chip Select Access Time 


tACS 


- 


250 


ns 


Chip Selection to Output in Low Z 


tCLZ 


10 


- 


ns 


Output Enable to Output Valid 


tOE 


- 


100 


ns 


Output Enable to Output in Low Z 


tOLZ 


10 


- 


ns 


Chip Deselection to Output in High Z 


tCHZ 





100 


ns 


Output Disable to Output in High Z 


tOHZ 





100 


ns 


Output Hold from Address Change 


tOH 


10 


- 


ns 



/< /// and hm/ defines the time at which the output achieves the open circuit 
condition and is not reference to output voltage levels 



■ TIMING WAVEFORM 
• READ CYCLE (1) 



Address 



OE V\\\\\\\ 



cs \W 



Dout- 



KSK 



I 



izzzzn 



UL 



• READ CYCLE (2) (Notes 1, 3) 



Address ) ( 



Dout 



]£SXK 



• READ CYCLE (3) (Notes 2, 3) 
CS 



Dout 



ZZ 



x^ 



i 




• AC TEST LOAD 







r>5 0V (Vcc) 






< Ki=2 4kQ 


Test Point Q 


14 




I 


CL=130pF = 


B 


< Ukfi 


3 

3 






1 


3 


I 


T 


r 




r, 


T 



Note* - 1. l.-t/-20n» 

2. Ci include* )ig capacitance 

3. All diodes are 1S2074® 

NOTES: 

1. Device is continuously selected. 

2. Address Valid prior to or coinci- 
dent with C5 transition low. 

3. OE=K /L . 

4. Input pulse level: 0.8 to 2.4V 

5. Input and output reference level: 
1.5V 



I 
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32678-word X 8-bit Mask Programmable Read Only Memory 

The HN623256P/FP is a mask-programmable, byte- 
organized memory designed for use in bus-organized systems. 

The device operates from a single power supply, has com- 
patibility with TTL, and requires no clocks or refreshing 
because of static operation. The active level of the OE inputs 
are defined by the user. The Chip Select input deselects the 
output and puts the chip in a power -down mode. 

■ FEATURES 

• Maximum Access Time 150ns 

• Fully Static Operation 

• Automatic Power Down 

• Single+5 Volt Power Supply 

• Three-State Data Output for OR -Ties 

• Output Enable Mask Programmable 

• TTL Compatible 

• Low Power Standby and Low Power Operation; 

Standby: 5/uW (typ) 
Operation: 100mW (typ) 

■ BLOCK DIAGRAM 



A0 

Al — 

A2 — 

A3— 

A4— 

AS — 

A6 

A7 

A8— 

A9— 

AlO 

All 

A12 

A13 

A14 



Address 
Decoder 



es ► I 



Memory 
Matrix 

32,768x8 



3-State 
Output 
Buffer 



•OE- 



-D0 
-Dl 
-D2 
-D3 
-D4 
-DS 
-D6 
-D7 



* Active level defined by the user. 



■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage* 


vcc 


-0.3 to 7.0 


V 


All Input and Output Voltage* 


v T 


-0.3** to Vcc 


V 


Operating Temperature Range 


Topr 


-20 to +75 


°C 


Storage Temperature Range 


T stg 


-55 to +125 


°C 


Bias Storage Temperature Range 


Tbias 


-20 to +85 


°c 



* With respect to V$$ 
** Pulse width 50ns MAX: 



-1.5 V (All Input) 



■ RECOMMENDED DC OPERATING CONDITIONS 



Item 


Symbol 


min. 


typ. 


max. 


Unit 


Supply Voltage 


vcc 


4.5 


5.0 


5.5 


V 


Input Voltage 


VlL 


-0.3 


- 


0.8 


V 


Vm 


2.0 


- 


vcc 


V 


Operating Temperature 


Topr 


-20 


- 


75 


°c 



HN623256P 




(DP-28) 



HN623256FP 




(FP-54) 



PIN ARRANGEMENT 
• HN623256P 



ncE 

Ai2(Z 

A? (T 

As (T 

As [T 

A 4 E 

As E 

A 2 £ 

Ai E 

Ao 0j> 

Do (n 

Di (H 

D2 (73 

VSS [J4 



28) VCC 
27) Al4 
26) Al3 
25) As 
24) A9 
H)All 

IDoe* 

13 Aio 
w)CS 

go? 

[ijDe 
njDs 
ii)D4 
is] Da 



(Top View) 
• HN623256FP 

Dr De Ds D 4 Da Vss Dz Di Do Ao 




A9 As AnAu Vcc NC Ai2 A7 A6 As 

(Top View) 
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ELECTRICAL CHARACTERISTICS 

(V C c= 5.0V ±10%, V S s=0V, T a = -20 to +75°C unless otherwise noted) 



Item 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Input High-level Voltage 


VlH 




20 


- 


Vcc 


V 


Input Low-level Voltage 


VlL 




-1.0** 


- 


0.8 


V 


Output High-level Voltage 


V H 


/ oh =-205mA 


2.4 


- 


- 


V 


Output Low-level Voltage 


Vol 


/ OL = 3.2mA 


- 


- 


0.4 


V 


Input Leakage Current 


\Ili\ 


K, n =0to5.5V 


- 


- 


2.5 


ma 


Output High-level Leakage Current 


J LOH 


K OU , = 2 4V,CS=2.0V 


- 


- 


10 


ma 


Output Low-level Leakage Current 


Jlol 


K ouf = 0.4V, CS=2.0V 


- 


- 


10 


ma 


Supply Current 


Active 


Ice* 


K cc =5.5V,/ ouf = 0mA, t RC = m\n. 


- 


20, 


45 


mA 


Standby 


J SB 


F CC =5.5V, CSi K CC -0.2V 


- 


1 


30 


MA 


Input Capacitance 




K,„ = 0V,/=1.0MHz, r = 25°C 


- 


- 


10 


pF 


Output Capacitance 


*~out 


K m = 0V,/=1.0MHz, r a = 25°C 


- 


- 


15 


pF 



* Specified under stable condition ** Pulse width 50ns, DC: -0.3V min. 
*** This parameter is sampled and not 100% tested 



RECOMMENDED AC OPERATING CONDITIONS 

(F CC = 5.0V±10%, K 55 =0V,r a = -20to+75°C,r r =r / =10ns) 



Item 


Symbol 


min 


max. 


Unit 


Read Cycle Time 


f RC 


150 


- 


ns 


Address Access Time 


*AA 


- 


150 


ns 


Chip Select Access Time 


*ACS 


- 


150 


ns 


Chip Selection to Output in Low Z 


l CLZ 


10 


- 


ns 


Output Enable to Output Valid 


l OE 


- 


100 


ns 


Output Enable to Output in Low Z 


t OLZ 


10 


- 


ns 


Chip Deselection to Output in High Z 


*CHZ* 





100 


ns 


Chip Disable to Output in High Z 


tOHZ* 





100 


ns 


Output Hold from Address Change 


tQH 


10 


- 


ns 



* l CHZ an(i { OHZ defines the time at which the output achieves the open circuit condition and is not 
reference to output voltage levels. 



■ TIMING WAVEFORM 
• Read Cycle(l) 



Address 



OH \\\\\\\\ 



csXSl 



Dout- 



• Read Cycle (2) (Notes 1,3) 



KSK 



Y7777 



nzznz 



m- 



Address __y(_ 



Dout 



]£XXK 



X 



X 



> Read Cycle (3) (Notes 2, 3) 
CS 



Dout- 



f 



xm. 



> 



• AC TEST LOAD 



Test Point o — •- 



foVpF- * Uk " 



>5.0V(K CC ) 

:#L=2 4kn 



TTT 



Notes: 1. r r =rpl0ns 

2. C L includes jig capacitance 

3. All diodes are 1S2074® 
Notes) 

1 Device is continuously selected. 
2. Address Valid prior to or coincident with 
CS transition low. 

3 OE=F /L 

4 Vcc Valid prior to Address 

5. Input pulse level: 0.8 to 2 4V 

6. Input and output reference level: 1.5V 
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HN62301 AP, HN62301 AFP 



131,072-word x 8-bit Mask Programmable Read Only Memory 

The HN62301AP/FP is a mask-programmable byte-organized 
memory designed for use in bus-organized systems. To facilitate 
use, the device operates from a single power supply, has com- 
patibility with TTL, and requires no clocks or refreshing because of 
static operation. The Chip Enable input deselects the output and 
puts the chip in a power-down mode. 

■FEATURES 

• Static Operation 

• Automatic Power Down 

• Single +5V Power Supply 

• Three-State Data Output for OR -Ties 

• TTL Compatible 

• Maximum Access Time-250ns 

• Lower Power Standby and Low Power Operation; 

• Standby 2.5mW (typ.), Operation: 75m W (typ.) 

■ BLOCK DIAGRAM 


















\ 




A, 

Aa 


Address 
Decoder 


Ao~Ai 










< 






A3 


\ 


Memory Matrix 
(32,768X32) 


32bit 


Decoder 


8bit 


3-State 
Output 
Buffer 




A4 




As 




A 
A 2 ~ 
A 16 

/ 




Ae 




A7 








A 8 






A9 




Aio 




An 

A12 - — 

An 

Am 

Ais . 

Al6 . 




















CE 1 


►~ 







■ ABSOLUTE MAXIMUM RATINGS 






Item 


Symbol 


Value 


Unit 


Supply Voltage* 


vcc 


-0.3 to +7.0 


V 


All Input and Output Voltage* 


v T 


-0.3 to +7.0 


V 


Operating Temperature Range 


Topr 


to +70 


°c 


Storage Temperature Range 


T stg 


-55 to +125 


°c 


Bias Storage Temperature Range 


Tbias 


-20 to +85 


°c 



* With respect to V$s- 



■ PIN ARRANGEMENT 




• HN62301AP 




Ai5 Cl 


KS 


28] Vcc 


Ai 2 [T 




17) An 


A 7 [7 




26) An 


Ae [7 




25] As 


As \T 




17] A9 


Aa [T 




23] An 


A 3 \T 




ID Al6 


A 2 (T 




2l|Aio 


A! [T 




20) CE 


Ao |~10 




75] d 7 


Do[H 




Ti]D 6 


Di 01 




Tt]D5 


° 2 m 




Ts| D 4 


yssfi4 




T5]D 3 



(Top View) 

• HN62301AFP 





8 




Q 


<3 


a 


<3 


£ 


3 


& 





a 


.? 


£ 






/ 














S 




s 






ft 








\c 


I 




SI 


N'C 


CE 










3 


49 




NC 






NC 


MC 




47 




NC 




4(> 


N( 


NC 


7 


4 r > 


NC 


N'C 




44 


Nt. 


NC 


9 


43 


NC 


\C 


10 


42 


NC 


N'C 


11 


41 


NC 


MC 


12 


4C 


NC 


NC 


13 


39 


NC 


NC 






N'C 


N'C 


15 


37 


N'C 


N'C 


16 














\u 








NC 


19 


























? 






y 










^ 


< 


"I 


2 


5 


£ 


3 


< 




- 


^ 


i- 
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■ RECOMMENDED DC OPERATING CONDITIONS (Ta = to +70°C) 



Item 


Symbol 


min. 


typ. 


max. 


Unit 


Supply Voltage* 


v C c 


4.5 


5.0 


5.5 


V 


Input Voltage* 


Vil 


-0.3 


- 


0.8 


V 


VlH 


2.2 


- 


Vcc 


V 



' With respect to V ss 



ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, Vss = 0V, Ta = to +70°C) 



Item 


Symbol 


Test Conditions 


min. 


typ.** 


max. 


Unit 


Normal Operating Current 


Ice* 


f RC = min., Vcc " 5 .5 V, 
lout = mA 


- 


15 


50 


mA 


Stand by Current 


J SB 


CE ^ V cc - 0.2V, V cc = 5.5V 


- 


0.5 


2 


mA 


Input Leakage Current 


Iu 


Vin = to 5.5V, other 0V 


-10 


- 


10 


M 


Output Leakage Current 


Iloh 


CE=2.2V 


Vout = 2.4V 


- 


- 


10 


MA 


l LOL 


Vout = 0.4V 


- 


- 


10 


ma 


Output Voltage 


VOH 


lout = -205 mA 


2.4 


- 


- 


V 


Vol 


lout = 3.2 mA 


- 


- 


0.4 


V 



* Steady state current ** V C c = 5V > Ta = 25°C 



■ CAPACITANCE (Vcc = 5V ± 10%, Ta = 25°C, /= 1 MHz, V in =QV) 








Item 


Symbol 


typ. 


max. 


Unit 


Input Capacitance (A ~ A, 6 , CE) 


Cin 


- 


10 


PF 


Output Capacitance (D ~ D 7 ) 


Cout 


- 


15 


pF 



Note) These parameters are sampled and not 100% tested. 



■ AC CHARACTERISTICS (Vcc = 


5V± 10%, V S S = 


0V, T a = to +70°C, 


t r = tf= 10ns) 


Item 


Symbol 


mm 


max. 


Unit 


Cycle Time 


tRC 


280 


- 


ns 


CE Access Time 


tACE 


- 


250 


ns 


CE Enable Pulse Width 


tCE 


250 


- 


ns 


CE Disable Pulse Width 


tCE 


30 


- 


ns 


Address Set up Time 


tAS 





- 


ns 


Address Hold Time 


tAH 





- 


ns 


Chip Disable to Output in High Z 


KHZ* 


10 


100 


ns 


Data Hold Time from CE 


*DHC 





- 


ns 


Chip Enable to Output in Low Z 


tCLZ 


10 


- 


ns 



' t CHZ defines the time at which the output achieves the open circuit condition and is not reference to output voltage levels. 
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HN62301 AP, HN62301 AFP 

■ TIMING CHART 


m tKC m 






tCE t® 




CE 




\ 7 


/ 




i 






. tAH 


\ 

_i IAS 


tAH 




^ 








Address ^/ 




X 




tACE 






m tDHC 






m tcu 






tCHZ 




n "" t —,_._ H '~ Z 




ted 




m 


H.-Z 












/ 







• AC TEST LOAD 



• 5.C 
1^ 



Test Point o- 



Cx=100pF i f llkQ 






5.0( Vcc) 
= 2.4kQ 



Notes) 1. t r =tf= 10ns 



2. C£ includes jig capacitance. 

3. All diodes are 1S2074 (g). 

4. Input pulse level: 0.8 to 2.4V 

5. Input and output timing reference level: 1.5V 
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HN62301BP 
HN62301BFP 



Preliminary 



131 072- word x 8-bit CMOS Mask Programmable Read Only Memory 



The HN62301BP/BFP is a 1M-bit CMOS mask-programmable ROM 
organized as 131072 words by 8 bits. Realizing low power con- 
sumption, this memory is allowed for battery operation. In addi- 
tion, the HN62301BP/BFP, which provides large capacity of 1M 
bits, is ideally suited for kanji character generators. 



■ FEATURES 














• Single +5V Power Supply 

• Three-State Data Output for OR-Tieing 

• TTL Compatible 

• Maximum Access time: 150ns 

• Low Power Consumption: 100mW typ. active 

5/xW typ. standby 

• Byte-Wide Data Organization 




■BLOCK DIAGRAM 










A0- 












- DO 

- Dl 




ADDRESS 
BUFFER 


- 


MEMORY 
ARRAY 


- 


3-STATE 
OUTPUT 
BUFFER 


- D2 

-* D3 
-> D4 
-* D5 
-* D6 


A16-* 












- D7 


rW — 





L 








, 


n 





IABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage* 


Vcc 


-03to +70 


V 


All Input or Output Voltage* 


Vt 


-15** to Vcc + 3 


V 


Operating Temperature Range 


To P r 


Oto +70 


°C 


Storage Temperature Range 


Tstg 


-55 to +125 


°C 


Temperature Under Bias 


Tb.as 


-20 to +85 


*C 



(Notes) * With respect to Vss 

**With pulse width of 50 ns, -0 3V(min ) for DC level 



HN62301BP 




HN62301BFP 




(Top View) 

HN62301BFP 



PIN ARRANGEMENT 




HN62301BP 




Al5 U 


W 


~2S\ Vcc 


Ai 2 |T 




13 Al4 


Ay [T 




l^ An 


A6 [T 




25] As 


As \T 




24] A9 


A4 (T 




1U A '> 


A3 [7 




J^a^ 


A 2 [T 




l[|Aio 


Ai [T 




lo]CE 


Ao [JO 




]9]D7 


Do [jT 




Ts]d 6 


Di [l2 




H D5 


D2 m 




T6JD 4 


Vss\U 




UD3 



The specifications of this device are subject to change without rotice. 
Please contact your wearest Hitachi's Sales, Dept., regarding specifications. 
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(Top View) 
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HN62301BP, HN62301BFP- 



IRECOMMENDED OPERATING CONDITIONS ( Vss = 0V, Ta=0 to +70C) 



Item 


Symbol 


mm 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Input Voltage 


Viu 


20 


- 


Vcc + 03 


V 


VlL 


-1.0* 


- 


0.8 


V 



* With pulse width of 50 ns - 3V(min ) for DC level 



■DC ELECTRICAL CHARACTERISTICS ( Vcc = 


5V±10%, Vss = 0V, Ta=0to +70°C) 






Item 


Symbol 


Test Conditions 


mm 


max 


Unit 


Supply 


Active 


Ice 


Vcc = 5 5V, 7o6T=0mA, /wc^min 


- 


50 


mA 


Current 


Standby 


I SB 


Vcc = 5 5V, CE^ Vcc- 0.2V 


- 


30 


M 


Input Leakage Current 


1 Ili 1 


V,„-0to5 5V 


- 


10 


M A 


Output Leakage Current 


1 ho 1 


CE = 2 0V, Vbi/T = to Vcc 


- 


10 


%iA 




VOH 


IoH=-20b/uA 


24 


- 


V 






Vol 


Iol = 3 2mA 


- 


04 


V 



■CAPACITANCE ( Vcc = 5V± 10%, Kss = 0V, Ta=25°C, V in =0V,/=lMHz) 



Item 


Symbol 


min 


max 


Unit 


Input Capacitance 


C. 


- 


10 


pF 


Output Capacitance 


Cout 




15 


pF 



= 5V±10%, Vss = 0V, Tfl = 0to +70°C) 



Note) This parameter is sampled and not 100% tested 

■AC ELECTRICAL CHARACTERISTICS ( Vcc 

Input Pulse Level: 0.8 to 2.4V 

Input and Output Timing Reference Level: 1.5V 

Input Rise and Fall Time: 10 ns 

Output load: 1 TTL gate + C/_ = 100pF (including jig capacitance) 



Item 


Symbol 


mm 


max 


Unit 


Read Cycle Time 


tRC 


150 


- 


ns 


Address Access Time 


tAA 


- 


150 


ns 


CE Access Time 


tACE 


- 


150 


ns 


Chip Enable to Output in Low Z 


tCLZ 


10 


- 


ns 


Output Hold Time from Address Change 


tDHA 





- 


ns 


Chip Disable to Output in High Z 


tCHZ* 


- 


70 


ns 


Output Hold Time from CE 


tDHC 





- 


ns 



* tern defines the time at which the output goes to the high impedance state and 
is not referenced to output voltage levels 
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HN62301 BP, HN62301 BFP 



■TIMING DIAGRAM 




(Notes) 1 The time at which the data output becomes invalid is 
defined by tDHA or tone , whichever occurs first 
2 The time at which the data output becomes valid is 
defined by tAA or (ace, whichever occurs last 
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HNe2301DP 
HN62301DFP 



Preliminary 



131 072 -word X 8-bit CMOS Mask Programmable Read Only Memory 



The HN62301DP/DFP is a 1M-bit CMOS mask-programmable 
ROM organized as 131072 words by 8 bits. Realizing low power 
consumption, this memory is allowed for battery operation. In 
addition, the HN62301DP/DFP, which provides large capacity of 
1M bits, is ideally suited for kanji character generators. 

■FEATURES 

• Single +5V Power Supply 

• Three-State Data Output for OR-Tieing 

• TTL Compatible 

• Maximum Access Time: 150ns 

• Low Power Consumption: 100mW typ. active 

5juW typ. standby 

• Byte-Wide Data Organization 

• Address Valid Coincident with CE Transition Low 



■BLOCK diagram 












A0- 












-* DO 
-> Dl 






-+ 




-* 
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■ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage* 


Vcc 


-0.3 to + 7.0 


V 


All Input or Output Voltage* 


Vt 


-1.5** to Vfcc+0.3 


V 


Operating Temperature Range 


Topr 


Oto +70 


°C 


Storage Temperature Range 


T., g 


-55 to +125 


°C 


Temperature Under Bias 


7*,« 


-20 to +85 


'C 



(Notes) • With respect to Vss. 

"With pulse width of 50 ns, -0 3V (mm.) for DC level. 



HN62301DP 




HN62301DFP 




■PIN arrangement 




• HN62301DP 
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The specifications of this device are subject to change without notice. 
Please contact your nearest Hitachi's Sales Dept., regarding specifications. 
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- HN62301 DP, HN62301 DFP 



I RECOMMENDED OPERATING CONDITIONS ( Fss=0V, 7fl=0to +70°C) 



Item 


Symbol 


min. 


typ. 


max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


, 5.5 


V 


Input Voltage 


VlL 


2.0 


- 


Vcc + 0.3 


V 


VlH 


-1.0* 


- 


0.8 


V 



* With pulse width of 50 ns: -0 3V for DC level 



■DC ELECTRICAL CHARACTERISTICS ( Vcc=5V±10%, Vss=0V, 7fl=0to +70°C) 



Item 


Symbol 


Test Conditions 


min. 


max. 


Unit 


Supply 


Active 


Ice 


Vcc = 5.5V, Iout= 0mA, tac=min. 


- 


50 


mA 


Current 


Standby 


Isb 


Vcc = 5.5V, CE2= Vcc -0.2V 


- 


30 


txh 


Input Leakage Current 


1 In 1 


F,»=0 to 5.5V 


- 


10 


nA 


Output Leakage Current 


1 Ilo\ 


CE=2.0V, VouT=0to Vcc 


- 


10 


mA 




VoH 


I oh =-205M 


2.4 


- 


V 






Vol 


I oi= 3.2mA 


- 


0.4 


V 



I CAPACITANCE Vcc=5V±10%, Vss=0V, Ta=25°C, F,„=0V,/=lMHz) 



Item 


Symbol 


min. 


max. 


Unit 


Input Capacitance 


C„ 


- 


10 


pF 


Output Capacitance 


c oul 


- 


15 


P F 



Note) This parameter is sampled and not 100% tested 

■AC ELECTRICAL CHARACTERISTICS ( Vcc = 5V ±10%, V5S = 0V, Ta= to +70°C) 

Input Pulse Level: 0.8 to 2.4V 

Input and Output Timing Reference Level: 1.5V 

Input Rise and Fall Time: 10ns 

Output Load: 1 TTL gate + C/. = 100pF (including jig capacitance) 



Item 


Symbol 


min. 


max. 


Unit 


Read Cycle Time 


tRC 


200 


- 


ns 


Address Setup Time 


tAS 





- 


ns 


Address Hold" Time 


tAH 


50 


- 


ns 


CE Access Time 


tACE 


- 


150 


ns 


Chip Enable to Output in Low Z 


tCLZ 


10 


- 


ns 


Chip Disable to Output in High Z 


tCHZ* 


- 


70 


ns 


Output Hold Time from CE 


tDHC 





- 


ns 


CE Enabled Pulse Width 


tCE 


150 


- 


ns 


CE Disabled Pulse Width 


tCE 


50 


- 


ns 



* tcHz define the time at which the output goes to the high impedance 
state and is not referenced to output voltage levels 
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HN62301 DP, HN62301 DFP- 
■TIMING DIAGRAM 
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(Notes) 1 Address is latched at the CE negative transition. 
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HN62402P 



Preliminary 



1 31 072-word X 1 6-bit CMOS Mask Programmable Read Only Memory 



The HN62402P is a 2M bit CMOS mask-programmable ROM 
organized as 131072 words by 16 bits. Realizing low power con- 
sumption, this memory is allowed for battery operation. In 
addition, the HN62402P, which provides large capacity of 2M bits, 
is ideally suited for kanji character generators. 

■FEATURES 



Single +5V Power Supply 
Three-State Data Output for OR-Tieing 
TTL Compatible 
Maximum Access Time: 200ns 
Low Power Consumption: 100mW typ. active 
5juW typ. standby 
» Word-Wide Data Organization 

■block diagram 



Ao — 


Address Buffer 


- 


Memory Array 


- 


Al6 — 










CE - 


hx>- 












L^° 










I 



3-State Output 
Buffer 



l-frj~ 



J 



■ABSOLUTE MAXIMUM RATINGS 




Item 


Symbol 


Value 


Unit 


Supply Voltage* 


Vcc 


-0 3 to +7.0 


V 


All Input or Output Voltage* 


Vt 


-0.3 to Vcc + 03 


V 


Operating Temperature Range 


T 0P r 


.0to +70 


°c 


Storage Temperature Range 


T, tg 


-55 to +125 


°c 


Temperature Under Bias 


Tbias 


-20 to +85 


°c 



IPIN ARRANGEMENT 
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37] 


An 


36] 


A12 


u 


Au 


E 


Am 


33) 


Ais 


m 


A 16 


m 


NC 


30] 


Vss 


29J 


Dis 


28] 
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(Top View) 



* With respect to Vss 



I 



The specifications of this device are subject to change without notice. 
Please contact your nearest Hitachi's Sales Dept., regarding specifications. 
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HN62402P- 



IRECOMMENDED OPERATING CONDITIONS ( Fss=0V, Ta=0to +70°C) 



Item 


Symbol 


min. 


typ. 


max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Input Voltage 


VlH 


2.2 


- 


Vcc +0.3 


V 


VlL 


-0.3 


- 


0.8 


V 



* With pulse width of 50ns: -0.3V for DC level 



IDC ELECTRICAL CHARACTERISTICS ( Vcc=5V±10%, Vss=0V, 7a=0to + 70°C) 



Item 


Symbol 


Test Conditions 


min. 


max. 


Unit 


Supply 


Active 


Ice 


Vcc = 5.5 V, Iout = 0mA, fac=min. 


- 


50 


mA 


Current 


Standby 


Isb 


Vcc = 5.5V, CE2? Vcc -0.2V 


- 


30 


t* 


Input Leakage Current 


1 Iu 1 


V,»=0to5.5V 


- 


10 


M A 


Output Leakage Current 


1 Ilo 1 


CE=2.2V, VW=0to Vcc 


- 


10 


mA 




VOH 


I oh =-205j/A 


2.4 


- 


V 






Vol 


Iol = 1.6mA 


- 


0.4 


V 



■CAPACITANCE ( Vcc =5V± 10%, Fss=0V, Ta=25°C, 7,n=0V,/=lMHz) 



Item 


Symbol 


min. 


max. 


Unit 


Input Capacitance 


C.» 


- 


15 


PF 


Output Capacitance 


Cout 


- 


15 


pF 



Note) This parameter is sampled and not 100% tested 

■AC ELECTRICAL CHARACTERISTICS (Vcc =5V± 10%, Vss=0V, Ta=0to +70°C) 

Input Pulse Level: 0.8 to 2.4V 

Input and Output Timing Reference Level: 1.5V 

Input Rise and Fall Time: 10ns 

Output load: 1 TTL gate + Cl = 100pF (including jig capacitance) 

■AC ELECTRICAL CHARACTERISTICS ( Vcc=5V±10%, Vss=0V, Ta=0to +70°C) 



Item 


Symbol 


mm. 


max. 


Unit 


Read Cycle Time 


tRC 


200 


- 


ns 


Address Access Time 


tAA 


- 


200 


ns 


CE Access Time 


tACE 


- 


200 


ns 


Chip Enable to Output in Low Z 


tCLZ 


10 


- 


ns 


Output Hold Time from Address Change 


tDHA 





- 


ns 


Chip Deselection to Output in HighZ 


tCHZ* 


- 


70 


ns 


Output Hold Time from CE 


tDHC 





- 


ns 


OE Access Time 


tOE 


- 


100 


ns 


Output Enable to Output in Low Z 


tOLZ 


10 


- 


ns 


Output Disable to Output in High Z 


tOHZ* 


- 


70 


ns 


Output Hold Time from OE 


tDHO 





- 


ns 



* tcHz and torn define the fime at which the output goes to the high impedance state and 
is not referenced to output voltage levels. 
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-HN62402P 



■TIMING DIAGRAM 




\ 



Y 




I 



I 



(Notes) 1 The time at which the data output becomes invalid is defined by Idha, tone or Idho, 
whichever occurs first i 

2 The time at which the data output becomes valid is defined by Iaa, tACE or toE, 
whichever occurs last 

3 The time at which the data output becomes invalid from the high impedance state 
is defined by tdz or toLz, whichever occurs last 



I 
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262,144 x 8 bit CMOS Mask Programmable Read Only Memory 



The HN62302P is a 2M bit CMOS mask-programmable ROM 
organized as 262144 words by 8 bits. Realizing low power 
consumption, this memory is allowed for battery operation. 
In addition, the HN62302P, which provides large capacity of 
2M bits, is ideally suited for kanji character generators. 

■FEATURES 

• Single +5V Power Supply 

• Three-State Data Output for OR-Tieing 

• TTL Compatible 

• Maximum Access Time: 200ns 

• Low Power Consumption: 100mW typ. active 

5juW typ. standby 

• Byte Wide Data Organization 



■block diagram 




Address Buffer 



CE-|>0- 

NC/OE/OE -£>o— r 



3-State Output 
Buffer 



:CH 



■absolute maximum ratings 



Item 


Symbol 


Value 


Unit 


Supply Voltage* 


Vcc 


-0.3 to +7.0 


V 


All Input or Output Voltage* 


Vt 


-0.3 to Fcc + 3 


V 


Operating Temperature Range 


To P r 


Oto +70 


°C 


Storage Temperature Range 


T, te 


-55 to +125 


°C 


Temperature Under Bias 


T bia , 


-20 to +85 


°C 



* With respect to Vt,t, 



1PIN ARRANGEMENT 




The specifications of this device are subject to change without notice. 
Please contact your nearest Hitachi's Sales Dept., regarding specifications. 



(Top View) 
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■RECOMMENDED OPERATING CONDITIONS ( Vss=0V, Ta=0to +70C) 



HN62302P 



Item 


Symbol 


mm. 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Input Voltage 


VlH 


Z2 


- 


Vcc + 0.3 


V 


VlL 


-0.3 


- 


0.8 


V 



* With pulse width of 50ns - 3V for DC level 



IDC ELECTRICAL CHARACTERISTICS ( Vcc = 5V ± 10%, Vss = 0V, Ta=0 to +70°C) 



Item 


Symbol 


Test Conditions 


min 


max 


Unit 


Supply 


Active 


Ice 


Vcc = 5 5V, lour — 0mA, tnc = min 


- 


50 


mA 


Current 


Standby 


I SB 


Vcc = 5 5V, CE^ Vcc - 0.2V 


- 


30 


M 


Input Leakage Current 


1 Iu 1 


V,.=0to5.5V 


- 


10 


/*A 


Output Leakage Current 


1 Ilo 1 


CE=2.2V, VW = 0to Vcc 


- 


10 


AlA 




VOH 


I oh =-205M 


24 


- 


V 






Vol 


Iol = 1.6mA 


- 


0.4 


V 



■CAPACITANCE ( Vcc = 5V±lO%, Fss = 0V, 7a=25°C, V r ..=0V,/=lMHz) 



Item 


Symbol 


mm. 


max 


Unit 


Input Capacitance 


C, n 


- 


15 


pF 


Output Capacitance 


Cou, 


- 


15 


pF 



Note) This parameter is sampled and not 100% tested 

■AC ELECTRICAL CHARACTERISTICS ( Vcc = SV±l0%, Vss=0V, Ta = to +70C) 

Input Pulse Level: 0.8 to 2.4V 

Input and Output Timing Reference Level: 1.5V 

Input Rise and*Fall Time: 10ns 

Output load: 1 TTL gate + C/. = 100pF (including jig capacitance) 



■AC ELECTRICAL CHARACTERISTICS ( Vcc = 5V ±10% 


, Vss = 0V, Ta= 


Oto +70°C) 






Item 


Symbol 


min 


max 


Unit 


Read Cycle Time 


tRC 


200 


- 


ns 


Address Access Time 


tAA 


- 


200 


ns 


CE Access Time 


tACE 


- 


200 


ns 


Chip Enable to Output in Low Z 


tCLZ 


10 


- 


ns 


Output Hold Time from Address Change 


tDHA 





- 


ns 


Chip Deselection to Output in High Z 


tCHZ* 


- 


70 


ns 


Output Hold Time from CE 


tDHC 





- 


ns 


OE Access Time 


toE 


- 


100 


ns 


Output Enable to Output in Low Z 


toLZ 


10 


- 


ns 


Output Disable to Output in High Z 


toHZ* 


- 


70 


ns 


Output Hold Time from OE 


tDHO 





- 


ns 



I 



* tcuz and toHz define the fime at which the output goes to the high impedance state and 
is not referenced to output voltage levels 
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HN62302P- 



ITIMING DIAGRAM 



IX 



\ 



1 




V 



I 



I 



(Notes) 1 The time at which the data output becomes invalid is defined by ton a, tone or tono, 
whichever occurs first 

2 The time at which the data output becomes valid is defined by t*A, (ace or Ioe, 
whichever occurs last 

3 The time at which the data output becomes invalid from the high impedance state 
is defined by tdz or (olz, whichever occurs last 
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HN27C64G Series 



8192-word x 8-bit U.V. Erasable and Programmable CMOS ROM 



■ FEATURES 

• Low Power Dissipation 20mW/MHz typ. (Active Mode) 

5juW typ. (Stand by Mode) 

• Access Time 150ns max. (HN27C64G-15) 

200ns max. (HN27C64G-20) 
250ns max. (HN27C64G-25) 

• Single Power Supply +5V±10% 

• Simple Programming Program Voltage; +21 V D.C. 

Program with One 50ms Pulse 

• Support High Performance Programming 

• Static No Clocks Required 

• Inputs and Outputs TTL Compatible During Both Read and Pro- 
gram Modes 

• Fully Decoded On-chip Address Decode 

• Compatible with Intel 2764 

■ BLOCK DIAGRAM 



Pl.M 
Ot 



Power Down 
Pr»g Logic 



TTTTTTTT 



Output 
Buffers 



65536 bit 
Memory Matrix 




■ PIN ARRANGEMENT 



a»GE 
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2S] At 

13 A. 

23) An 
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20jCE 
19] Or 
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J3 o» 

ID * 
l|]0i 



(Top View) 



■ MODE SELECTION 





CE 

(20) 


OE 

(22) 




Vpp 

(1) 


Vcc 
(28) 




^"^^^ Pins 
Mode -^ 


PGM 

(27) 


Outputs 
(11-13, 15-19) 


Read 


Vu 


Vu 


VlH 


Vcc 


Vcc, 


Dout 


Stand-by 


V,K 


X 


X 


Vcc 


Vcc 


High Z 


Program 


Vu 


X 


Vu 


V„ 


Vcc 


Din 


Program Verify 


Vu 


V,i 


V,H 


V„ 


Vcc 


Dout 
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V,H 


X 


X 


V„ 
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High Z 



476 



HITACHI 

Hitachi America Ltd • 2210 O'Toole Avenue • San Jose, CA 95131 • (408)435-8300 



- HN27C64G Series 



ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


All Input and Output Voltage* 


V T 


-1.0**~+7.0 


V 


V cc Voltage* 


Vcc 


-0.6- +7.0 


V 


Vpp Voltage* 


Vpp 


-0.6- + 25 


V 


Operating Temperature Range 


Tcpr 


0- + 70 


°C 


Storage Temperature Range 


T.tg 


-65- + 125 


°C 



* With respect to GND 
♦♦Pulse Width: 50ns, DC: -0.6V 

■ READ OPERATION 

• DC AND OPERATING CHARACTERISTICS 



(7fl = 0~ + 70°C, K CC = 6V±0,25V, V PP =V CC ±0.6V) 



Parameter 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input Leakage Current 


Ili 


K CC =5.5V, ^ n =GNDtoK cc 


- 


- 


2 


ma 


Output Leakage Current 


Ilo 


K CC =5.5V, K ou( =GNDto V cc 


- 


- 


2 


ma 


Vpp Current 


j ppi 


Vpp=V CC + 0.6 V 


- 


1 


100 


ma 


V cc Current (Stand-by) 


J SB1 


CE=K /H 


- 


- 


1 


mA 


hB2 


CE=^ CC ±0.3V 


- 


1 


100 


MA 


Vcc Current (Active) 


hci 


CE=r /L ,/our=0mA 


- 


- 


30 


mA 


ICC2 


/=5MHz,/ our =0mA 


- 


- 


30 


mA 


Input Voltage 


Vj L 




-1.0* 


- 


0.8 


V 


Vj H 




2.2 


- 


••Kcc+1.5 


V 


Output Voltage 


Vol 


/ol = 2 -1 mA 


- 


- 


0.45 


V 


VOH 


/ O h=-400mA 


2.4 


- 


- 


V 



* Pulse Width: 50ns, DC: Vji min = 
** Pulse Width £ 20ns, DC Vjff max 



-0.3V 

= Vcc + 1-0 V. Mode selection is unfixed between V IH = V C c+ 1 V and 11.5 V 



• AC CHARACTERISTICS iTa=0~+ 70°C, K cc = 


5V±10%, K PP =F CC ±0.6V) 






Parameter 


Sym- 
bol 


Test Condition 


HN27C64G-15 


HN27C64G-20 


HN27C64G-25 


Unit 


min 


max 


min 


max 


min 


max 


Address to Output Delay 


*ACC 


CE=OE=K /L ,PGM=K /H 


- 


150 


-. 


200 


- 


250 


ns 


CE to Output Delay 


*CE 


OE=K /L ,PGM=K /H 


- 


150 


- 


200 


- 


250 


ns 


OE to Output Delay 


toE 


CE=K /L .PGM=K /H 


10 


60 


10 


70 


10 


100 


ns 


OE High to Output Float 


*DF 


CE=K /L , tGM=K JH 





50 





60 





90 


ns 


Address to Output Hold 


*OH 


CE=OE=K /L ,PGM=K /H 










- 





- 


ns 



• CAPACITANCE (7a=25°C, j 


^lMHz) 












Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


C. 


v.. -ov 


- 


4 


6 


PF 


Output Capacitance 


C, 


v.„ -ov 


- 


8 


12 


pF 
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HN27C64G Series 



• SWITCHING CHARACTERISTICS 

Test Condition 

Input Pulse Levels: 0.45V to 2.4V 

Input Rise and Fall Time: <20ns 

Output Load: 1TTL + 100pF 

Reference Level for Measuring Timing: 0.8V and 2V 



A 



X 



\ 



/ 



\ 



/ 



\\\\ \ D.uOutV.hd /"J" 



■ PROGRAMMING OPERATION 

• DC PROGRAMMING CHARACTERISTICS (7a=25°C±5°C, F CC =5V±5%, F PP =21V±0.5V) 



Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Leakage Current 


Ili 


K /N =5.25V/0.45V 


- 


- 


2 


mA 


Output Low Voltage During Verify 


Vol 


7 OL = 2.1 mA 


- 


- 


0.45 


V 


Output High Voltage During Verify 


Voh 


Ioh= -400 mA 


2.4 


- 


- 


V 


Vqc Current (Active) 


he 




- 


- 


30 


mA 


Input Low Level 


VlL 




-0.1 


- 


0.8 


V 


Input High Level 


VlH 




2.2 


- 


Vcc + 10 


V 


Vpp Supply Current 


Ipp 


CE=PGM=r /jL 


- 


- 


30 


mA 



Notes) 1. Vcc must De applied before Vpp and removed after Vpp. 

2. Vpp must not exceed 25 V including overshoot. 

3. An influence may be had upon device reliability if the device is installed or removed while Vpp= 21V. 

4. Do not alter Vpp either V IL to 21V or 21V to V IL when CE=PGM=Low. 



• AC PROGRAMMING CHARACTERISTICS (Ta 


= 25°C±5°C, F CC = 6V±0,25V, ^ = 21V±0.5V) 


Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Address Setup Time 


Us 




2 


- 


- 


MS 


OE"Setup Time 


*OES 




2 


- 


- 


MS 


Data Setup Time 


*DS 




2 


- 


- 


MS 


Address Hold Time 


*AH 







- 


- 


MS 


Data Hold Time 


t DH 




2 


- 


- 


MS 


OE to Output Float Delay 


*DF 







- 


130 


ns 


Vpp Setup Time 


*vs 




2 


- 


- 


MS 


PGM Pulse Width During Programming 


*PW 




25 


50 


55 


ms 


CE Setup Time 


tCES 




2 


- 


- 


MS 


Data Valid from OE 


tOE 




- 


- 


150 


ns 
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- HN27C64Q Series 



• SWITCHING CHARACTERISTICS 

Test Condition 

Input Pulse Level: 0.45V to 2.4V 

Input Rise and Fall Time: <20ns 

Reference Level for Measuring Timing: 0.8V and 2V 
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■ ERASE 

Erasure of HN27C64 is performed by exposure to ultraviolet 
light of 2537A and all the output data are changed to "1" 
after this erasure procedure. The minimum integrated dose 
(i.e. UV intensity x exposure time) for erasure is 15W- 
sec/cm 1 

■ HIGH PERFORMANCE PROGRAMMING 

This device can be applied the High Performance Program- 
ming algorithm shown in following flowchart. This algorithm 
allows to obtain faster programming time without any 
voltage stress to the device nor deterioration in reliability of 
programmed data. 




JCO 
[END) ( FAIL j 

High Performance Programming Flowchart 
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HN27C64G Series- 



• AC PROGRAMMING CHARACTERISTICS (r*=25 C±5°C, K CC =6V±0.25V, F PP =21V±0.5V) 




Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Address Setup Tine 


tAS 




2 




- 


M* 


T5E" Setup Time 


toes 




2 


- 


- 


fiS 


Data Setup Time 


tos 




2 


- 


- 


fiS 


Address Hold Time 


I AH 







- 


- 


fiS 


Data Hold Time 


tDH 




2 


- 


- 


M* 


TJE" to Output Float Delay • 


t D F 







- 


130 


ns 


V» Setup Time 


tvn 




2 


- 


- 


fts 


Vcc Setup Time 


tvcs 




2 


- 


- 


MS 


PGM Pulse Width during Initial Program 


tPW 




0.95 


1.0 


1.05 


ms 


POTT Pulse Width during Over Program •• 


torn 




3.8 


- 


63 


ms 


CTT Setup Time 


tcts 




2 


- 


- 


fiS 


Data Valid from OT 


toe 




- 


- 


150 


ns 



• t*r defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
* * hum » defined as mentioned in flort chart. 



• SWITCHING CHARACTERISTICS 

Test Condition 

Input Pulse Level: 0.45V to 2.4V 

Input Rise and Fall Time: <20ns 

Reference Level for Measuring Timing: 0.8V and 2V 





*• 








ram Ver 


fy— 




Address J 


i 




< 




— hs*. 




5 






Uh 




Data < 


r d... 


In Stable 


i 


1 Data 
, Valid 


Out 


> — 


t 


\ 


[♦-tos-^ 




tDH 




*DF 




Vcc ' 


tVPS 














Vcc + 1 - 
Vcc / 
V cc —* 


tvcs 














CET \ 








tcES 




















PGM J 


|S 


f 


JOBS_ t 


m-toE-m 






Oil 








\ 


I 


/ 


y 
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HN27C64G Series 



SUPPLY CURRENT VS. SUPPLY VOLTAGE SUPPLY CURRENT VS. AMBIENT TEMPERATURE 



Ta = 25t 






/=5MHz 







































Vcc= 5 0V 
V,.= Vcc/Vss 
/=5MHz 











































Supply Voltage Vcc (V) 



Ambient Temperature Ta ( £ ) 



SUPPLY CURRENT VS. FREQUENCY 



ACCESS TIME VS. LOAD CAPACITANCE 





Vcc=5V 
7a=25t; 
V,.= Vcc/Vss 





































































05 
Frequency / (MHz) 

































Ta = 25t 
Vcc = MIN 



















Load Capacitance Cl (pF) 



ACCESS TIME VS. SUPPLY VOLTAGE 



ACCESS TIME VS. AMBIENT TEMPERATURE 



2 








Ta = 25'C 



















































40 45 









Vcc = 5 0V 












































Supply Voltage Vcc (V) 



Ambient Temperature Ta (*C) 
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HN27C64G Series 



OUTPUT CURRENT VS. OUTPUT VOLTAGE 



OUTPUT CURRENT VS. OUTPUT VOLTAGE 



J 01 









Ta =25t 
Vcc=5V 









































































Ta = 25 1 
Vcc=5V 



















Output Voltage Voh (V) 



Output Voltage Vol (V) 



•STANDBY CURRENT 
VS. AMBIENT TEMPERATURE 



| 10 

i 



§ 2 







Vcc=5V 
CE=5V 
Dark Condition 



















































STANDBY CURRENT VS. SUPPLY VOLTAGE 



... . „, „ 1 

Ta = 25 1 
CE= Vcc 
Dark Cond 


r 







































Ambient Temperature Ta {X2 ) 



Supply Voltage Vcc (V) 
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HN27C64FP Series — 

8192-word x 8-bit One Time Electrically Programmable CMOS 

The HN27C64FP is a 8192-word by 8-bit one time electrically pro- 
grammable ROM. Initially, all bits of the HN27C64FP are in the 
"1" state (Output High). Data is introduced by selectively 
programming "0" into the desired bit locations. This device is 
packaged in a 28 pin, plastic flat package (SOP). Therefore, this 
device can not be re-written. 
■ FEATURES 

• Low Power Dissipation 20mW/MHz typ. (Active Mode) 

5/uW typ. (Stand by Mode) 

• Access Time 200ns max. (HN27C64FP-20) 

250ns max. (HN27C64FP-25) 

• Single Power Supply +5V± 5 % 

• Simple Programming Program Voltage; +21 V D.C. 

• Support High Performance Programming 

• Static No Clocks Required 

• Inputs and Outputs TTL Compatible During Both Read and Pro- 
gram Modes 

• Fully Decoded On-chip Address Decode 



■ BLOCK DIAGRAM 



ROM 









mnm 




Pnwer Down 
Prog Logic 




Output 
Buffers 








/o 


Y- Decoder 




Y-Oating 


X- Decoder 


65536 bit 
Memory Matrix 




PIN ARRANGEMENT 



Vfp[T 




S)Vcc 


Aii (7 




StJFCM 


At (7 




26) NC 


A.(7 




2S]A« 


A»(? 




24) At 


A«[? 




23) An 


Ai[7 




22) 0E 


AxQl 




2J)Aw 


AiQT 




20) CE 


a. [jo 




T5Jo» 


o»[n 




illO. 


0iQ| 




U\o% 


0»(J3 




16)0, 


CN0[U 




[s)oj 



(Top View) 
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HN27C64FP Series- 



IMODE SELECTION 



^^^^ Pin* 
Mode ^^^^ 


CE 

(20) 


OE 

(22) 


PGM 

(27) 


V„ 

(1) 


Vcc 
(28) 


Outputs 
(11-13, 15-19) 


Read 


VlL 


VlL 


V,M 


Vcc 


Vcc 


Dout 


Stand-by 


V,» 


X 


X 


Vcc 


Vcc 


High Z 


Program 


VlL 


X 


Vu 


V„ 


Vcc 


Din 


Program Verify 


V,L 


V,L 


V,H 


Vrr 


Vcc 


Dout 


Program Inhibit 


V,n 


X 


X 


V„ 


Vcc 


High Z 



x : don't rare 



■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


All Input and Output Voltage* 


V T 


-1.0**~+7.0 


V 


V cc Voltage* 


Vcc 


-0.6- +7.0 


V 


V PP Voltage* 


V PP 


-0.6- + 25 


V 


Operating Temperature Range 


Tcpr 


0- + 70 


°C 


Storage Temperature Range 


T$tg 


-55- +125 


°C 



* With respect to GND 
♦♦Pulse Width: 50ns, DC: -0.6V 

■ READ OPERATION 

• DC AND OPERATING CHARACTERISTICS (Tfl = 0~ + 70°C, K CC = 5V±5%, V PP = V CC ±0.6V) 



Parameter 


Symbol 


Test Conditions 


min 


typ 


max 


Unit 


Input Leakage Current 


hi 


K CC =5.25V, K, n =GND to V CC 


- 


- 


2 


MA 


Output Leakage Current 


*LO 


K CC =5.25V, K ou ,=GND to V CC 


- 


- 


2 


ma 


Vpp Current 


hpi 


Vpp*V CC + 0W 


- 


1 


100 


MA 


V cc Current (Stand-by) 


hhl 


CE=V IH 


- 


- 


1 


mA 


hB2 


CE=K CC ±0.3V 


- 


1 


100 


MA 


Vcc Current (Active) 


hci 


CE=V/ L ,/ ouf =0mA 


- 


- 


30 


mA 


1CC2 


/=5MHz,/ <me =0mA 


- 


- 


30 


mA 


Input Voltage 


VlL 




-1.0* 


- 


0.8 


V 


VlH 




2.2 


- 


vcc+if* 


V 


Output Voltage 


Vol 


/OL^.l mA 


- 


- 


0.45 


V 


VOH 


/ oh =-400mA 


2.4 


- 


- 


V 



Pulse Width: 50ns, DC: Vjl min = -0.3V 
** Pulse Width £ 20ns, DC Vm max = VQC + 1.0V 

• AC CHARACTERISTICS (7& = 0~ + 70°C, V cc ~- 



5V±5%, V PP =V CC ±0.6V) 





Sym- 
bol 


Test Condition 


HN27C64FP-20 


HN27C64FP-25 


Unit 




min 


max 


min 


max 


Address to Output Delay 


tACC 


CE=OE»Kj L ,PGM*F /H 


- 


200 


- 


250 


ns 


CE to Output Delay 


*CE 


OE=K /L ,PGM=K /H 


- 


200 


- 


250 


ns 


OE to Output Delay 


*OE 


CE*V IL ?GM=V JH 


10 


70 


10 


100 


ns 


OE High to Output Float 


*DF 


CE=V IL WU*V IH 





60 





90 


ns 


Address to Output Hold 


'OH 


CE=OE=r /L , PGM*K /H 





- 





- 


ns 



• CAPACITANCE (Ta =25° C,f= MHz) 



Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


C. 


V..-0V 


- 


4 


6 


pF 


Output Capacitance 


C, 


V... -ov 


- 


8 


12 


pF 
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HN27C64FP Series 



• SWITCHING CHARACTERISTICS 

Test Condition 

Input Pulse Levels: 0.45V to 2.4V 

Input Rise and Fall Time: <20ns 

Output Load: 1 TTL + 1 0OpF 

Reference Level for Measuring Timing: 0.8V and 2V 



)i 


I 


ZX 












7 




Standby Mod* 


\ 


Active Mod* 


{ Sundby Mod* 




. tc * 


; 










k 






^A 


/ 






tot m 




„ t*r L 






m tACC 




. ton 


















{(III 


f ■ 


\\ 










\vft 


i " " /// 



■ PROGRAMMING OPERATION 

• DC PROGRAMMING CHARACTERISTICS (7j=25 'c±5°C, F cc =5V±5%, F PP =21V±0.5V) 



Parameter 


Symbol 


Test Condition 


mm 


typ 


max 


Unit 


Input Leakage Current 


lu 


V IN = 6.25V/0.45V 


- 


- 


2 


MA 


Output Low Voltage During Verify 


Vol 


7ol = 2.1 mA 


- 


- 


0.45 


V 


Output High Voltage During Verify 


Voh 


/oh = ^00mA 


2.4 


- 


- 


V 


Vcc Current (Active) 


ice 




- 


- 


30 


mA 


Input Low Level 


VlL 




-0.1 


- 


0.8 


V 


Input High Level 


VlH 




2.2 


- 


Vcc 


V 


Vpp Supply Current 


Ipp 


CE=PGM=^ /L 


- 


- 


30 


mA 



Notes) 1. Vcc must b e applied before Vpp and removed after Vpp. 

2. Vpp must not exceed 25 V including overshoot. 

3. An influence may be had upon device reliability if the device is installed or removed while Vpp* 21V. 

4. Do not alter Vpp either V JL to 21V or 21V to V IL when CE=PGM=Low. 
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HN27C64FP Series- 



■ HIGH PERFORMANCE PROGRAMMING 

This device can be applied the High Performance Program- 
ming algorithm shown in following flowchart. This algorithm 
allows to obtain faster programming time without any 
voltage stress to the device nor deterioration in reliability of 
programmed data. 



Address + 1 — Address 



SET PROG /VERIFY MODE 
lpp=21 + 05V Vcc=60i025V 



| Address =()"] 



C 



r^H 



Program tpw=\ms ±5% 



Program ropw = 4nms I 




SET READ MODE 

I «■ = 5 + 25V Vpp=V'rf 



NO GO 




I Program topw = 4nms I 



[GO t 

(end*) (fail) 

High Performance Programming Flowchart 



• AC PROGRAMMING CHARACTERISTICS (7fl=25°C±5 C, K CC =6V±0.25V, 


K PP =21V±0.5V) 




Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Address Setup Time 


t*s 




2 


- 


- 


MS 


TJE" Setup Time 


toes 




2 


- 


- 


MS 


Data Setup Time 


tos 




2 


- 


- 


MS 


Address Hold Time 


tAH 







- 


- 


MS 


Data Hold Time 


ton 




2 


- 


- 


MS 


X5E"to Output Float Delay* 


*DF 







- 


130 


ns 


Wp Setup Time 


tvn 




2 


- 


- 


MS 


Vcc Setup Time 


tves 




2 


- 


- 


MS 


PGM Pulse Width during Initial Program 


tpw 




0.95 


1.0 


1.05 


ms 


FGKT Pulse Width during Over Program** 


torn 




3.8 


- 


63 


ms 


CT Setup Time 


tees 




2 


- 


- 


MS 


Data Valid from 5E~ 


toe 




- 


- 


150 

i 


ns 



Notes) * t»r defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
** torn in defined as mentioned in flort chart. 
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- HN27C64FP Series 



• SWITCHING CHARACTERISTICS 

Test Condition 

Input Pulse Level: 0.45V to 2.4V 

Input Rise end Fell Time: <20ns 

Reference Level for Measuring Timing: 0.8V and 2V 



Address 



Data 




Vpp 



Vcc 
Vcc 



CE 



PGM 



0E 



V PP 
Vcc 

Vcc + l 



' / 



IX 



Is 



^ 



s 



■ RECOMMENDED SCREENING CONDITIONS 

Before mounting, please make the screening (baking 
without bias) shown in the right. 



Program and 

Verify 

by Programmer 



X 



Baking at 

125 to 150°C 

for 24 to48hrs 



X 



Ensuring 
Read-out 



Mounting 



Recommended 
Screening conditions 



I 



HITACHI 

Hitachi America Ltd. • 2210 OToole Avenue • San Jose, CA 95131 • (408) 435-8300 



487 



HN27128AG Series 



16384-word X 8 -bit UV Erasable and Programmable 
Read Only Memory 

The HN27128AG is a 16384-word by 8-bit erasable and electrically 
programmable ROM. This device is packaged in a 28-pin, dual-in-line 
package with transparent window. The transparent window allows 
the user to expose the chip to ultraviolet light to erase the bit pat- 
tern, whereby a new pattern can then be written into the device. 

■ FEATURES 

• Single Power Supply +5V ±5% 

• High Performance Program Voltage: +12.5V D.C. 

Programming High Performance Programming 

Operations 

• Static No Clocks Required 

• Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 

• Access Time HN27128AG-17: 170ns (max.) 

HN27128AG-20: 200ns (max.) 
HN27128AG-25: 250ns (max.) 
HN27128AG-30: 300ns (max.) 

• Absolute Max. Rating of 14.0V Max. 

Vpp pin 

• Low Stand-by Current 35mA Max. (stand-by) 

• Device Identifier Mode Manufacturer Code and Device 

Code 

• Compatible with INTEL 271 28A 



BLOCK DIAGRAM 



Oo-o? 



T?TTT? T? 



PGMC 
CEC 



P0WERD0WN & 
PROGRAM LOGIC 




OUTPUT 
BUFFERS 








Y DECODER 


Y CATINC 


• 




X DECODER 


131072 bit 
MEMORY MATRIX 




• 






■ PIN ARRANGEMENT 




(Top View) 



*K#=12.0V±0.5V 
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-HN27128AG Series 



■ MODE SELECTION 



~^-— pins 

MODE ^~~^^^^^__ 


CE 

(20) 


OE 

(22) 


PGM 

(27) 


Vpp 

(1) 


Vcc 
(28) 


A9 
(24) 


Outputs 
(11-13,15-19) 


Read 


Vil 


Vil 


Vm 


v C c 


Vcc 


X 


Dout 


Output Disable 


Vil 


V m 


v m 


V C c 


Vcc 


X 


HighZ 


Stand by 


VlH 


X 


X 


Vcc 


Vcc 


X 


HighZ 


High Performance Program 


Vil 


X 


Vil 


Vpp 


Vcc 


X 


Din 


Program Verify 


Vil 


Vil 


Vm 


Vpp 


Vcc 


X 


Dout 


Program Inhibit 


Vm 


X 


X 


Vpp 


Vcc 


X 


HighZ 


Identifier 


Vil 


vil 


VlH 


vcc 


vcc 


v„* 


Code 



Note) X . . . Don't care 

*F#=12.0V±0.5V 

■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Operating Temperature Range 


*opr 


to +70 


°C 


Storage Temperature Range 


T stg 


-65 to +125 


°C 


Storage Temperature RAnge Under Bias 


Tbias 


-10 to +80 


°C 


Voltage on Pin 24 (A9) 


VW 


-0.6 to +13.5 


V 


All Input and Output Voltages* 


VlN> V out 


-0.6 to +7 


V 


Vpp Voltage* 


Vpp 


-0.6 to +14.0 


V 


V C c Voltage* 


Vcc 


-0.6 to +7 


V 



* with respect to GND 

i READ OPERATION 

► DC AND OPERATING CHARACTERISTICS (T a = to 70°C, V cc = 5V±5%, V PP = V C c) 



Parameter 


Symbol 


Test Conditions 


min. 


typ- 


max. 


Unit 


Input Leakage Current 


Ili 


V IN = 5.25 V 


- 


- 


10 


HA 


Output Leakage Current 


Ilo 


F ouf = 5.25V/0.45V 


- 


- 


10 


MA 


Vpp Current 


hp\ 


V PP = 5.25 V 


- 


- 


5 


mA 


V cc Current (Standby) 


^CCl 


CE = V IH 


- 


- 


35 


mA 


Vcc Current (Active) 


I CC2 


CE = OE=V IL 


- 


40 


100 


mA 


Input Low voltage 


Vil 




-0.1* 


- 


0.8 


V 


Input High Voltage 


Vm 




2.0 


- 


Vcc+l** 


V 


Output Low Voltage 


Vol 


I OL = 2.1mA 


- 


- 


0.45 


V 


Output High Voltage 


Voh 


/ OH =_400 M A 


2.4 


- 


- 


V 



DC, 0.6V AC 20ns. **: DC, Vcc+ 15 V AC 20ns. 

Mode selection is unfixed between Vm = Vcc + IV and Vjjj = 1 1.5 V. 
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HN27128AG Series- 



• AC CHARACTERISTICS (T a = to +70°C, Vcc=5V ± 


5%, Vpp = Vcc) 










Parameter 


Symbol 


Test Condition 


HN27128AG-17 


HN27128AG-20 


HN27128AG-25 


HN27128AG-30 


Unit 


min. 


max. 


min. 


max. 


min. 


max. 


min. 


max. 


Address to Output Delay 


UCC 


CE=OE=F/z, 


- 


170 


- 


200 


- 


250 


- 


300 


ns 


CE to Output Delay 


tCE 


OE=V IL 


- 


170 


- 


200 


- 


250 


- 


300 


ns 


OE to Output Delay 


tOE 


CE=V IL 


- 


75 


- 


75 


- 


100 


- 


120 


ns 


OE High Output Float 


tDF 


CE=K /jL 





55 





55 





60 





105 


ns 


Address to Output Hold 


WH 


CE=OE=Vil 





- 





- 





- 





- 


ns 



Note: t£)fr defines the time at which the Output achieves the open circuit condition and Data is no longer driven. 

• SWITCHING CHARACTERISTICS 

Test Condition 

Input Pulse Levels: 0.45V to 2.4V 

Input Rise and Fall Time: ^ 20ns 

Output Load: 1 TTL Gate +100pF 

Reference Level for Measuring Timing: 0.8V and 2.0V 



Address 



CE 



OE 



Data Out 



> 


t 


X 










7 




Stand-by Mode 


\ 


n Active Mode 


/ Stand-by Mode 




l CE 


7 
















~^\ 


t 


/ 




*OE 






*DF 








*ACC 


toH 






















((III 


' 














\\\\> 


Data (Jut v 


// / 



• CAPACITANCE (T a = 25°C,/= 1MHz) 



Parameter 


Symbol 


Test Condition 


min. 


typ- 


max. 


Unit 


Input Capacitance 


C in 


F in = 0V 


- 


4 


6 


pF 


Output Capacitance 


Cout 


Vout^OV 


- 


8 


12 


PF 
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HN27128AG Series 



■ HIGH PERFORMANCE PROGRAMMING 

This device can be applied the High Performance Programming algorithm shown in following flowchart. This 
algorithm allows to obtain faster programming time without any voltage stress to the device nor deterioration 
in reliability of programmed data. 



Address+1 -*■ Address 



C START """) 



SET PROG./VERIFY MODE 

V PP = 1 2.5 ± 0.3V, K CC = 6.0±0.25V 



Address = 



n = 



n+1 -►n 



Program t PW = 1ms ±5% 



NO 




NOGO 



SET READ MODE 
K cc =5.0V±0.25V,K P p=K cc 




NOGO 



( END ) 

High Performance Programming Flowchart 



NO 



YES 




( FAIL ") 
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HN27128AGSeries- 



■ DEVICE IDENTIFIER MODE 

The Identifier Mode allows the reading out of binary codes that identify manufacturer and type of device, 
from outputs of EPROM. By this Mode, the device will be automatically matched its own corresponding 
programming algorithm, using programming equipment. 

• HN27128AG SERIES IDENTIFIER CODE 



^"^\^^ Pins 


A 
(10) 


o 7 

(19) 


(18) 


o 5 

(17) 


o 4 

(16) 


o 3 

(15) 


o 2 

(13) 


(12) 


o 

(11) 


Hex 
Data 


Manufacturer Code 


VlL 

















1 


1 


1 


07 


Device Code 


VlH 














1 


1 





1 


OD 



Notes: 1. A, = 12.0V ± 0.5V __ 

2. A 1 „ 8 ,A t0 „ 13 ,CE,OE=K /Z ,,PGM=F /// . 



HIGH PERFORMANCE PROGRAMMING OPERATION 

DC PROGRAMMING CHARACTERISTICS (T a = 25°C±5°C, V C c = 6V±0.25V, V PP = 12.5V±0.3V) 



Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


Iu 


V IN = 5.25 V 


■- 


- 


10 


MA 


Output Low Voltage During Verify 


Vol 


Iql = 2.1mA 


- 


- 


0.45 


V 


Output High Voltage During Verify 


Voh 


I OH = -400 M A 


2.4 


- 


- 


V 


Vcc Current (Active) 


l CC1 




- 


- 


100 


mA 


Input Low Level 


VlL 




-0.1* 


- 


0.8 


V 


Input High Level 


VlH 




2.0 


- 


Vcc** 


V 


Vpp Supply Current 


hpi 


CE = V IL 


- 


- 


50 


mA 



*: DC, -0.6V AC 20ns. **: DC, Vcc + 0.5V AC 20ns. 

**: Mode selection is unfixed between Vjjfj = Vcc* n d Vjjj = 11.5V. 

• AC PROGRAMMING CHARACTERISTICS^ . = 25°C ±5°C, V cc = 6V±0.25V, V PP = 12.5V ±03V) 



Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Address Setup Time 


Us 




2 


- 


- 


MS 


OE Setup Time 


*OES 




2 


- 


- 


MS 


Data Setup Time 


*DS 




2 


- 


- 


MS 


Address Hold Time 


*AH 







- 


- 


MS 


Data Yold Time 


t DH 




2 


- 


- 


MS 


OE to Output Float Delay 


hF 







- 


130 


ns 


Vpp Setup Time 


*VPS 




2 


- 


- 


MS 


Vcc Setup Time 


*VCS 




2 


- 


- 


MS 


FGM Pulse Width During Initial Programming 


f PW 




0.95 


1.0 


1.05 


ms 


CE Pulse Width During Overprogramming 


tOPW 




2.85 


- 


78.75 


ms 


CE Setup Time 


*CES 




2 


- 


- 


MS 


Data Valid from OE 


t OE 




- 


- 


150 


ns 



Notes: topw^ s defined as mentioned in flow chart. 

t DF defines the time at which the output achieves the open circuit condition and data is no longer driven. 
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-HN27128AG Series 



• SWITCHING CHARACTERISTICS 

Test Condition 

Input Pulse Level: 0.45V to 2.4V 

Input Rise and Fall Time: ^ 20ns 

Reference Level for Measuring Timing: 0.8V and 2.0V 



Address 



Data 1 Data 



-Program - 



Us 



Vpp 

P 
Vcc — 

v C c + l 
'Vcc— 

CE 



PGM- 



OE- 



*DS 



*VPS 



tycs 



*CES 



In Stable 



*DH 



W 

*PW 



*OES . 



-Program Verify—— 



J AH 



'jCZ 



< 



*OE 



Data Out 
Valid 



J 



y 



*DF 



■ ERASE 

Erasure of HN27128AG is performed by exposure to ultraviolet light of 2537A and all the output data are 
changed to "1" after this erasure procedure. The minimum integrated dose (i.e. UV intensity x exposure 
time) for erasure is 1 5 W.sec/cm 2 . 



I 
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HN27128AG Series - 



SUPPLY CURRENT VS. 
SUPPLY VOLTAGE 



50 

| 30 
fi 20 


7a=25 


: 


















^ /CC2 














/CC1 



















Supply Voltage \/cc (V) 

ADDRESS ACCESS TIME VS. 
SUPPLY VOLTAGE 



I 30 



<f 20 



SUPPLY CURRENT VS. 
AMBIENT TEM.PERATURE 









Vcc=5V 
























/CC2 
















^ /cci 











Ambient Temperature To ( °C ) 

ADDRESS ACCESS TIME VS. 
AMBIENT TEMPERATURE 









7a=25"C 





















































lec = 5\ 











































Supply Voltage Vcc (V) 



Ambient Temperature Ta (°C i 
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HN27128AP Series 



Preliminaly 



16384-word x 8-bit One Time Electrically Programmable 
Read Only Memory 

The HN27128AP is a 16384-word by 8-bit one time electrically 
programmable ROM. Initially, all bits of the HN27128AP are in the 
"1" state (Output High). Data is introduced by selectively pro- 
gramming "0" into the desired bit locations. This device is packaged 
in a 28 pin, plastic dual-in-line package. Therefore, this device can 
not be re-written. 

■ FEATURES 

• Single Power Supply +5V ±5% 

• High Performance Program Voltage: +12.5V D.C. 

Programming High Performance Programming 

Operations 

• Static No Clocks Required 

• Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 

• Access Time HN27128AP-20: 200ns (max.) 

HN27128AP-25: 250ns (max.) 
HN27128AP-30: 300ns (max.) 

• Absolute Max. Rating of 14.0V Max. 

Vpp pin 

• Low Stand-by Current 35mA Max. (stand-by) 

• Device Identifier Mode Manufacturer Code and Device 

Code 

■ BLOCK DIAGRAM 



PGM < 
CEc 



P0WERD0WN & 
PROGRAM LOGIC 



M M T T M 



OUTPUT 
BUFFERS 



131072 bit 
MEMORY MATRIX 




■ PIN ARRANGEMENT 



Vpp\T 

Ai 2 (T 

a 7 [T 
A 6 |T 
A 5 [T 

A 4 (T 
A 3 [7 
A 2 |T 
Ai[? 

A [To 
Oo(n 
Oi[0 
2 [H 
GND[J4 



28] K^C 
27|PGM 

26)A 13 
2|A 8 

24\A 9 (V H )* 
23)A n 
22) OE 

23A 10 
20) CE 
T9|0 7 

rs)o 6 

n)0 5 

16)04 
DIO3 



(Top View) 



1: K // =12.0V±0,5V 
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HN27128APSeries- 



■ MODE SELECTION 



""" — —-^^^^ Pins 
MODE "~~~ ^- — ^___ 


CE 

(20) 


OE 

(22) 


PGM 

(27) 


Vpp 

(D 


Vcc 

(28) 


A9 
(24) 


Outputs 
(11-13,15-19) 


Read 


Vil 


Vil 


Vih 


v C c 


Vcc 


X 


Dout 


Output Disable 


VlL 


Vih 


Vm 


Vcc 


Vcc 


X 


HighZ 


Stand by 


Vm 


X 


X 


v C c 


Vcc 


X 


HighZ 


High Performance Program 


Vil 


X 


Vil 


Vpp 


Vcc 


X 


Din 


Program Verify 


Vil 


Vil 


Vm 


Vpp 


Vcc 


X 


Dout 


Program Inhibit 


V m 


X 


X 


Vpp 


Vcc 


X 


HighZ 


Identifier 


Vil 


vil 


vih 


vcc 


vcc 


V H * 


Code 



Note) X . . . Don't care 
V//= 12.0 V ±0.5 V 

■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Operating Temperature Range 


T opr 


to +70 


°C 


Storage Temperature Range 


T stg 


-55 to +125 


°C 


Storage Temperature RAnge Under Bias 


Tbias 


-10 to +80 


°C 


All Input and Output Voltages* 


V IN> V out 


-0.6 to +7 


V 


Voltage on Pin 24 (A9) 


VlD 


-0.6 to + 13.5 


V 


Vpp Voltage* 


V P p 


-0.6 to +14.0 


V 


V C c Voltage* 


Vcc 


-0.6 to +7 


V 



* with respect to GND 



■ READ OPERATION 

• DC AND OPERATING CHARACTERISTICS (T a 



to +70°C, V C c = 5V ±5%, V PP = V C c) 



Parameter 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


Ili 


V IN = 5.25 V 


- 


- 


10 


mA 


Output Leakage Current 


*LO 


V out = 5.25V/0.45V 


- 


- 


10 


ma 


Vpp Current 


hpi 


V PP = 5.25 V 


- 


- 


5 


mA 


V cc Current (Standby) 


7 CC1 


CE=V IH 


- 


- 


35 


mA 


Vcc Current (Active) 


J CC2 


CE = OE = V IL 


- 


40 


100 


mA 


Input Low voltage 


VlL 




-0.1* 


- 


0.8 


V 


Input High Voltage 


Vm 




2.0 


- 


Fcc+i** 


V 


Output Low Voltage 


Vol 


I OL = 2.1mA 


- 


- 


0.45 


V 


Output High Voltage 


Voh 


/ OH =_400 M A 


2.4 


- 


- 


V 



*: DC, 0.6V AC 20ns. **: DC, Vcc + 1-5V AC 20ns. 

**: Mode selection is unfixed between Vm = Vcc + 1 v an(i Vm = 1 1.5V. 
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-HN27128AP Series 



• AC CHARACTERISTICS T a - 


=0to + 70°C, F CC = 5V±5%, V PP = 


Vcc 










Parameter 


Symbol 


Test Condition 


HN27128AP-20 


HN27128AP-25 


HN27128AP-30 


Unit 


min. 


max. 


min. 


max. 


min. 


max. 


Address to Output Delay 


*ACC 


CE = OE= Vji 


- 


200 


- 


250 


- 


300 


ns 


CFto Output Delay 


*CE 


OE=F//, 


- 


200 


- 


^50 


- 


300 


ns 


OE to Output Delay 


tOE 


CE = V IL 


- 


75 


- 


100 


- 


120 


ns 


OE High Output Float 


*DF 


CE=K /L 





55 





60 





105 


ns 


Address to Output Hold 


*OH 


CE = OE = V IL 





- 





- 





- 


ns 



Note: tf)F defines the time at which the Output achieves the open circuit condition and Data is no longer driven. 

• SWITCHING CHARACTERISTICS 

Test Condition 

Input Pulse Levels: 0.45V to 2.4V 

Input Rise and Fall Time: ^ 20ns 

Output Load: 1 TTL Gate +100pF 

Reference Level for Measuring Timing: 0.8V and 2.0V 



Address 



CE 



X 



Stand-by Mode 



OE 



Data Out 



K 



Y 



Active Mode 



/ 



\ 



*OE 



*Ucc 



^s 



Stand-by Mode 



/ 



*DF 



*OH 



Data Out Valid 



m 



• CAPACITANCE (T a = 25°C,/= 1MHz) 



Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Input Capacitance 


C in 


V in = 0V 


- 


4 


6 


pF 


Output Capacitance 


Cout 


V O ut = 0V 


- 


8 


12 


P F 



I 



HITACHI 

Hitachi America Ltd • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 



497 



HN27128AP Series - 



■ HIGH PERFORMANCE PROGRAMMING 

This device can be applied the High Performance Programming algorithm shown in following flowchart. This 
algorithm allows to obtain faster programming time without any voltage stress to the device nor deterioration 
in reliability of programmed data. 



Address+1 -* Address 



(^ START ^ 



SET PROG ./VERIFY MODE 

V PP = 12.5±0.3V, V C c a 6.0±0.25V 



Address = 



n = 



n+1 -*n 



Program t PW = 1ms ±5% 




NOGO 



SET READ MODE 
V C c * 5.0V±0.25V, V PP = V cc 




NOGO 



C END ) 

High Performance Programming Flowchart 



NO 



YES 



C FAIL 3 
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HN271 28AP Series 

■ DEVICE IDENTIFIER MODE 

The Identifier Mode allows the reading out of binary codes that identify manufacturer and type of device, 
from outputs of EPROM. By this Mode, the device will be automatically matched its own corresponding 
programming algorithm, using programming equipment. 

• HN27128AP SERIES IDENTIFIER CODE 



^^-^^ Pins 
I den t if ier~^--^^ 


A 
(10) 


o 7 

(19) 


(18) 


(17) 


o 4 

(16) 


(15) 


(13) 


(12) 




(11) 


Hex 
Data 


Manufacturer Code 


VlL 

















1 


1 


1 


07 


Device Code 


VlH 














1 


1 





1 


OD 



Notes: 1. A 9 = 12.0V ± 0.5V. 

2. A^A^^CE.OE^F/^PGM^K///. 



■ HIGH PERFORMANCE PROGRAMMING OPERATION 

• DC PROGRAMMING CHARACTERISTICS^ =25°C±5°C, V C c = 6V±0.25V, V PP = 12.5V±0.3V) 



Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


Ili 


V IN = 5.25 V 


- 


- 


10 


MA 


Output Low Voltage During Verify 


Vol 


I OL = 2.1mA 


- 


- 


0.45 


V 


Output High Voltage During Verify 


Voh 


/ OH =_400 M A 


2.4 


- 


- 


V 


Vqq Current (Active) 


!CC2 




- 


- 


100 


mA 


Input Low Level 


VlL 




-0.1* 


- 


0.8 


V 


Input High Level 


VlH 




2.0 


- 


vcc** 


V 


Vpp Supply Current 


Ipp2 


CE = PGM = V IL 


- 


- 


50 


mA 



*: DC, -0.6V AC 20ns. **: DC, Vqc + 0-5V AC 20ns. 

** : Mode selection is unfixed between V/jf = Vqc an< l VlH = 1 1 -5 V. 

• AC PROGRAMMING CHARACTERISTICS^ = 25°C±5°C, V cc = 6V±0.25V, V PP = 12.5V ±0.3V) 



Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Address Setup Time 


Us 




2 


- 


- 


MS 


OE Setup Time 


r OES 




2 


- 


- 


MS 


Data Setup Time 


*DS 




2 


- 


- 


MS 


Address Hold Time 


tAH 







- 


- 


MS 


Data Yold Time 


*DH 




2 


- 


- 


MS 


OE to Output Float Delay 


*DF 







- 


130 


ns 


Vpp Setup Time 


*VPS 




2 


- 


- 


MS 


Vcc Setup Time 


tvcs 




2 


- 


- 


MS 


PGM Pulse Width During Initial Programming 


tpw 




0.95 


1.0 


1.05 


ms 


CE Pulse Width During Overprogramming 


f OPW 




2.85 


- 


78.75 


ms 


CE Setup Time 


*CES 




2 


- 


- 


MS 


Data Valid from 0E 


f OE 




- 


- 


150 


ns 



Notes: topw * s defined as mentioned in flow chart. 

tDF defines the time at which the output achieves the open circuit condition and data is no longer driven. 
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• SWITCHING CHARACTERISTICS 

Test Condition 

Input Pulse Level: 0.45V to 2.4V 

Input Rise and Fall Time: ^ 20ns 

Reference Level for Measuring Timing: 0.8V and 2.0V 



Address 



Data 



Vpp 



Vcc 



V PP 

Vcc 

Vcc 

>cc- 

CE- 

PGM 
OE- 








—Program — 




«■ — Program Verify— 




• >: 




:< 




* tAS 




\*AH 






* •> 




s 


7 


1 


i — i 


Data 


In Stable 


"Data 6ut 


> — 


<• 


s 


.Valid 






« * DS * 


t~r, 
















tDF 


*-? 


{ VPS 














+ 1 






-i 


tvcs 
















*CES 

1 ». 


w 

tpw 












j 


* 


f OES . 


*OE 

m •* 














\ 


* 


/ 


f - 





■ RECOMMENDED SCREENING CONDITIONS 

Before mounting, please make the screening (baking 
without bias) shown in the right. 



Program and 

Verify 

by Programmer 



IE 



Baking at 

125 to 150°C 

for 24 to48hrs 



_L 



Ensuring 
Read-out 



HI 



Mounting 



Recommended 
Screening conditions 
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32768-word x 8-bit UV Erasable and Programmable ROM 

■ FEATURES 

• Single Power Supply +5V ± 5% 

• High Performance Programming .. Program Voltage: +1 2.5V 

D.C. 

• Static No Clocks Required 

• Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 

• Access Time HN27256G-25:250ns(max.) 

HN27256G-30:300ns(max.) 

• Absolute Max. Rating of V pp pin . . 14.0V 

• Low Stand-by Current 40mA (stand-by) 

• Device Identifier Mode Manufacturer Code and Device 

Code 

• Compatible with INTEL 27256 

■ BLOCK DIAGRAM 



Address O 



Address O- 





i PIN ARRANGEMENT 



V" (T 

An [T 

A. [7 
A. [7 

As (T 

A< (T 

A3 jT 

4* [7 

A. [7 

Ao |77 

Oo [IT 
o. Q7 

02 [77 

GND JjT 



2s] Wc 

77] Ai, 

7b] An 

77) A< 

77] As 

17) Am 

77) oe 

IT) A10 

T7| ce 
77| 07 
77] o 6 
77] os 
7e] 0, 
77] 03 



MODE SELECTION 



^^--^^^^ Pins 
Mode ~~~~^-— ~^_^ 


CE 

(20) 


OE 

(22) 


VPP 

(1) 


vcc 

(28) 


A9 
(24) 


Outputs 
(11-13,15-19) 


Read 


VlL 


VlL 


vcc 


vcc 


X 


Dout 


Output Disable 


VlL 


VlH 


vcc 


vcc 


X 


HighZ 


Standby 


Vm 


X 


vcc 


vcc 


X 


HighZ 


High Performance Program 


VlL 


vm 


Vpp 


vcc 


X 


Din 


Program Verify 


vm 


VlL 


Vpp 


vcc 


X 


Dout 


Optional Verify 


VlL 


VJL 


Vpp 


vcc 


X 


Dout 


Program Inhibit 


VlH 


vm 


Vpp 


vcc 


X 


HighZ 


Identifier 


VlL 


VlL 


vcc 


vcc 


v H 


Code 



Note) X: Don't care 

Vh' 12.0V ± 0.5V 



Hitachi America Ltd. 



^HITACHI 

2210 OToole Avenue • San Jose, CA 95131 • (408) 435-8300 



501 



HN27256G Series - 



i ABSOLUTE MAXIMUM RATING 



Item 


Symbol 


Value 


Unit 


Operating Temperature Range 


'opr 


to 


+70 


°C 


Storage Temperature Range 


T stg 


- 65 to 


+ 125 


°C 


Storage Temperature Range Under Bias 


T bias 


- 10 to 


+80 


°C 


All Input and Output Voltages* 


V IN> V out 


-0.6 to 


+ 7 


V 


A9 Input Voltage* 


VlD 


-0.6 to 


+ 13.5 


V 


V PP Voltage* 


V PP 


-0.6 to 


+ 14.0 


V 


K cc Voltage* 


Vcc 


-0.6 to 


+7 


V 



' with respect toGND. 



■ READ OPERATION 



• DC AND OPERATING CHARACTERISTICS 7a = 0~ + 70°C, V PP = V cc 


Vcc- 


5V+5%) 




Parameter 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


lu 


V IN = 5.25V 


- 


- 


10 


MA 


Output Leakage Current 


Ilo 


Vout =5.25V/0.45V 


- 


- 


10 


mA 


Vpp Current 


hp\ 


Vpp = 5.5 V 


- 


- 


5 


mA 


V C c Current (Standby) 


hci 


CE *V lH 


- 


- 


40 


mA 


V cc Current (Active) 


! CC2 


CE = OE = V JL 


- 


45 


100 


mA 


Input Low Voltage 


VlL 




-0.1* 


- 


0.8 


V 


Input High Voltage 


VlH 




2.0 


- 


Vcc+ 1** 


V 


Output Low Voltage 


Vol 


Iql = 2.1 mA 


- 


- 


0.45 


V 


Output High Voltage 


Voh 


l OH = -400 mA 


2.4 


- 


- 


V 


Vpp Voltage 


Vpp 




3.8 


- 


vcc 


V 



*: Vjl min. = -0.6V for pulse width less than 20ns. 

** : Vih max. = Vcc + 1 -5 V for pulse width less than 20ns. 

Note: Mode selection is unfixed between Vjff = Vcc + 1 v and V IH = 1 1 -5V. 



• AC CHARACTERISTICS (7a=0~70°C, V C c 


=5V±5%) 












Parameter 


Symbol 


Test Condition 


HN27256G-25 


HN27256G-30 


Unit 


min. 


max. 


min. 


max. 


Address to Output Delay 


l ACC 


CE = OE = V IL 


- 


250 


- 


300 


ns 


CE to Output Delay 


f CE 


OE=V IL 


- 


250 


- 


300 


ns 


OE to Output Delay 


J OE 


CE = V IL 


- 


100 


- 


120 


ns 


OE High to Output Float 


f DF 


CE=V IL 





60 





105 


ns 


Address to Output Hold 


'OH 


ce=6e = v il 





- 





- 


ns 



Note: t£)f> defines the time at which the Output ach 



ieves the open circuit condition and Data is no longer driven. 



■ SWITCHING CHARACTERISTICS 
TEST CONDITION 

Input pulse levels: 
Input rise and fall time: 
Output load: 



0.45V to 2.4V 

<20ns 

1 TTLGate+100pF 



Reference level for measuring timing: 0.8V and 2V 
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-HN27256G Series 



X 



CE- 



(7E- 



Active Mode 



■^: 



x 



/ Stand-by Mode 



Data Out Valid 



m 



■ CAPACITANCE (7a=25 


3 C,/=lMHz) 












Parameter 


Symbol 


Test Condition 


Min. 


Typ. 


Max. 


Unit. 


Input Capacitance 


C in 


V in = 0V 


- 


4 


6 


pF 


Output Capacitance 


Cout 


Vout = 0\ 


- 


8 


12 


PF 



■ HIGH PERFORMANCE PROGRAMMING 

This device can be applied the High Performance Programming algorithm shown in following flowchart. This 
algorithm allows to obtain faster programming time without any voltage stress to the device nor deterioration in 
reliability of programmed data. 




High Performance Programming Flowchart 



I 
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HN27256G Series- 



■ DEVICE IDENTIFIER MODE 

The Identifier Mode allows the reading out of binary codes that identify Manufacturer and type of device, 
from outputs of EPROM. By this Mode, the device will be automatically matched its own corresponding 
programming algorithm, using programming equipment. 

• HN27256G SERIES IDENTIFIER CODE 



^^--^^^ Pins 
Identifier"^--^^ 


A 
(10) 


o 7 

(19) 


(18) 


o, 

(17) 


o 4 

(16) 


o 3 

(15) 


o 2 

(13) 


(12) 



(ID* 


Hex 
Data 


Manufacturer Code 


VlL 

















1 


1 


1 


07 


Device Code 


VlH 











1 














10 



Notes: 1. A 9 
2. A,, 



12.0V ± 0.5V. 

8 ,A 10 ^ l4 ,CE,OE=F/x. 



■ HIGH PERFORMANCE PROGRAMMING OPERATION 

• DC PROGRAMMING CHARACTERISTICS (7*=25 C±5°C, F C c=6V±0.25V, |>>/» = 12.5V±0.3V) 



Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


Iu 


V m = 5.2S V 


- 


- 


10 


MA 


Output Low Voltage During Verify 


Vol 


I OL = 2A mA 


- 


- 


0.45 


V 


Output High Voltage During Verify 


Voh 


lOH ■ -400 mA 


2.4 


- 


- 


V 


Vcc Current (Active) 


ICC2 




- 


- 


100 


mA 


Input Low Level 


VlL 




-0.1 


- 


0.8 


V 


Input High Level 


VlH 




2.0 


- 


Vcc 


V 


Vpp Supply Current 


IPP2 


CE - V lL 


- 


- 


50 


mA 


• AC PROGRAMMING CHARACTERISTICS (7a=25°C±5°C, V C c^6V±0.25V t V PP =12.5V±03V) 


Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Address Setup Time 


Us 




2 


- 


- 


MS 


OE Setup Time 


tOES 




2 


- 


- 


MS 


Data Setup Time 


f DS 




2 


- 


- 


MS 


Address Hold Time 


tAH 







- 


- 


MS 


Data Hold Time 


l DH 




2 


- 


- 


MS 


OE to Output Float Delay 


*DF 







- 


130 


ns 


Vpp Setup Time 


*VPS 




2 


- 


- , 


MS 


Vcc Setup Time 


tvcp 




2 


- 


- 


MS 


PGM Pulse Width During Initial Programming 


tpw 




0.95 


1.0 


1.05 


ms 


CE Pulse Width During Overprogramming 


tOPW 




2.85 


- 


78.75 


ms 


Data Valid from OE 


*OE 




- 


- 


150 


ns 



Notes: topw is defined as mentioned in flow chart. 

t DF defines the time at which the output achieves the open circuit condition and data is no longer driven, 

■ SWITCHING CHARACTERISTICS 

• TEST CONDITION 

• Input pulse level: 0.45V to 2.4V 

• Input rise and fall time: £ 20ns 

• Reference level for measuring time: 0.8V and 2V 



Program 
Verify 
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HN27256G Series 

■ ERASE 

Erasure of HN27256G is performed by exposure to ultraviolet light of 2537A and all the output data are 
changed to "1" after this erasure procedure. The minimum integrated dose (i.e. UV intensity x exposure time) 
for erasure is 1 5W. sec/cm 2 



SUPPLY CURRENT VS. SUPPLY VOLTAGE 



SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 

















Ta=25t 




80 


































60 


































40 














lea 




















20 


















































"c. 



















Vcc= 


5V 






































































































































lea 












































lea 























Supply Voltage Vcc (V) 



40 60 

Ambient Temperature Ta ( "C ) 



ADDRESS ACCESS TIME VS. SUPPLY VOLTAGE 



ADDRESS ACCESS TIME 

VS. AMBIENT TEMPERATURE 









To = 25*C 



































1 150 











Vcc = 5V 





















































Supply Voltage Vcc (V) 



20 40 60 

Ambient Temperature Ta ( t ) 
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Preliminary 



32768-word x 8-bit One Time Electrically Programmable ROM 

The HN27256P is a 32768-word by 8-bit one time electrically pro- 
grammable ROM. Initially, all bits of the HN27256P are in the "1" 
state (Output High) Data is introduced by selectively programming 
"0" into the desired bit locations. This device is packaged in a 
28-pin, dual-in-line plastic package, therefore, this device can not be 
rewritten. 

■ FEATURES 

• Single Power Supply +5V ± 5% 

• High Performance Programming .. Program Voltage: +1 2.5V 

D.C. 

• Static No Clocks Required 

• Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 

• Access Time HN27256P-25: 250ns (max.) 

HN27256P-30: 300ns (max.) 

• Absolute Max. Rating of V pp pin . . 14.0V 

• Low Stand-by Current 40mA (stand-by) 

• Device Identifier Mode Manufacturer Code and Device 

Code 



i BLOCK DIAGRAM 

Address O fc ^P^ 



Address O 





■ PIN ARRANGEMENT 




Notes) The specifications of this device are subject to change without notice. 

Please contact your nearest Hitachi's Sales Dept. regarding specifications. 
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MODE SELECTION 



^^^--^^^^ Pins 
Mode — ^^_ 


CE 
(20) 


OE 

(22) 


Vpp 

(1) 


vcc 

(28) 


A9 
(24) 


Outputs 
(11 ~ 13, 15 ~ 19) 


Read 


VlL 


VlL 


vcc 


vcc 


X 


Dout 


Output Disable 


VlL 


VlH 


vcc 


vcc 


X 


HighZ 


Standby 


VlH 


X 


vcc 


vcc 


X 


HighZ 


High Performance Program 


VlL 


VlH 


Vpp 


vcc 


X 


Din 


Program Verify 


VlH 


VlL 


Vpp 


vcc 


X 


Dout 


Optional Verify 


VlL 


VlL 


Vpp 


vcc 


X 


Dout 


Program Inhibit 


VlH 


VlH 


Vpp 


vcc 


X 


HighZ 


Identifier 


VlL 


VlL 


vcc 


vcc 


v H 


Code 



Note) 

■ ABSOLUTE MAXIMUM RATING 



X: Don't care. 
Vh: 12.0V ± 0.5V. 



Item 


Symbol 


Value 


Unit 


Operating Temperature Range 


*opr 





to 


+70 


°C 


Storage Temperature Range 


T $tg 


-55 


to 


+ 125 


°C 


Storage Temperature Range Under Bias 


*biaa 


- 10 


to 


+80 


°C 


All Input and Output Voltages* 


VlNi v out 


-0.6 


to 


+7 


V 


A9 Input Voltage* 


VJD 


-0.6 


to 


+ 12.5 


V 


Vpp Voltage* 


Vpp 


-0.6 


to 


+14.0 


V 


^ cc Voltage* 


Vcc 


-0.6 


to 


+7 


V 



* with respect to GND. 

■ READ OPERATION 

• DC AND OPERATING CHARACTERISTICS (7a=0~+70 9 C, F CC =5V±5%) 



Parameter 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


lu 


V IN = 5.25 V 


- 


- 


10 


MA 


Output Leakage Current 


Ilo 


V out = 5.25V/0.45V 


- 


- 


10 


mA 


Vpp Current 


hp\ 


Vpp = 5.5 V 


- 


- 


5 


mA 


V cc Current (Standby) 


lcc\ 


CE =V IH 


- 


- 


40 


mA 


Vcc Current (Active) 


ICC2. 


CE = OE = V IL 


- 


45 


100 


mA 


Input Low Voltage 


VlL 




-0.1* 


- 


0.8 


V 


Input High Voltage 


VlH 




2.0 


- 


Fcc+l** 


V 


Output Low Voltage 


Vol 


Iql = 2.1 mA 


- 


- 


0.45 


V 


Output High Voltage 


VOH 


Ioh = -400 MA 


2.4 


- 


- 


V 


Vpp Voltage 


vpp 




3.8 


- 


vcc 


V 



*: Vil mm - = -0.6V for pulse width less than 20ns. 

**: Vin max - = Vcc + 1- 5V f° r P ulse width less than 20ns. 

Note: Mode selection is unfixed between V/ff = Vcc + IV and Vih = 1 1.5V. 



• AC CHARACTERISTICS (r fl =0~70°C, K cc 


=5V±5%) 












Parameter 


Symbol 


Test Condition 


HN27256P-25 


HN27256P-30 


Unit 


min. 


max. 


min. 


max. 


Address to Output Delay 


*ACC 


CE = OE = V IL 


- 


250 


- 


300 


ns 


CE to Output Delay 


*CE 


OE=J/ /L 


- 


250 


- 


300 


ns 


OE to Output Delay 


f OE 


CE = V IL 


- 


100 


- 


120 


ns 


OE High to Output Float 


*DF 


CE= V lL 





60 





105 


ns 


Address to Output Hold 


l OH 


CE = OE = V lL 





- 





- 


ns 



Note: t£)p defines the time at which the Output achieves the open circuit condition and Data is no longer driven. 
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HN27256P Series - 



■ SWITCHING CHARACTERISTICS 
TEST CONDITION 

Input pulse levels: 0.45V to 2.4V 

Input rise and fall time: <20ns 

Output load : 1 TTL Gate +1 OOpF 

Reference level for measuring timing: 0.8V and 2V 



X 



CE- 



Stand-b> Mode 



OE- 



Active Mode 



^ 



K 



/ Stand-by Mode 



Data Out Valid 



m 



■ CAPACITANCE (7a=25 


3 C,/=lMHz) 












Parameter 


Symbol 


Test Condition 


Min. 


Typ. 


Max. 


Unit. 


Input Capacitance 


Cm 


v in = ov 


- 


4 


6 


pF 


Output Capacitance 


Cout 


Vout = 0V 


- 


8 


12 


pF 



■ HIGH PERFORMANCE PROGRAMMING 
This device can be applied the High Performance 
Programming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming 
time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 



■ DEVICE IDENTIFIER MODE 

The Identifier Mode allows the reading out of 
binary codes that identify Manufacturer and type 
of device from outputs EPROM. By this Mode, the 
device will be automatically matched its own 
corresponding programming algorithm, using 
programming equipment. 



SET PROG \ERIR MODE 
lpp=12i±l)3\ l«=b()±025\ 



1^1 



I "-"-" 1 





I GO 
[JEXDJ ( FAIL) 

High Performance Programming Flowchart 
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• HN27256P SERIES IDENTIFIER CODE 



^"^^^^ Pins 
Identifier^"-^^^ 


A 
(10) 


O7 

(19) 


(18) 


(17) 


o 4 

(16) 


3 

(15) 


o 2 

(13) 


(12) 


O 

(11) 


HCx 
Data 


Manufacturer Code 


VlL 

















1 


1 


1 


07 


Device Code 


VJH 











1 














10 



= 12.0V ± 0.5V. „ 

,CE,OT= Vjl- 



Notes: 1. A, 

2. A, ^ e ,A 10/N>14 » 

■ HIGH PERFORMANCE PROGRAMMING OPERATION 

• DC PROGRAMMING CHARACTERISTICS (7a=25°C±5°C, F C c=6V±0.25V, F/>/> = 12.5V±0.3V) 



Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


hi 


K /Ar = 5.25 V 


- 


- 


10 


M 


Output Low Voltage During Verify 


Vol 


I OL = 2.1 mA 


- 


- 


0.45 


V 


Output High Voltage During Verify 


Voh 


Ioh = ~ 4 00 mA 


2.4 


- 


- 


V 


Vcc Current (Active) 


ICC2 




- 


- 


100 


mA 


Input Low Level 


VlL 




-0.1 


- 


0.8 


V 


Input High Level 


VlH 




2.0 


- 


Vcc 


V 


Vpp Supply Current 


Ipp2 


CE=K /L 


- 


- 


50 


mA 


• AC PROGRAMMING CHARACTERISTICS (7*=25°C±5 C, K CC =6V±0.25V, F/>/>=12.5V±0.3V) 


Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Address Setup Time 


Us 




2 


- 


- 


MS 


OE Setup Time 


*OES 




2 


- 


- 


MS 


Data Setup Time 


r DS 




2 


- 


- 


MS 


Address Hold Time 


Uh 







- 


- 


MS 


Data Hold Time 


*DH 




2 


- 


- 


MS 


OE to Output Float Delay 


^df 







- 


130 


ns 


Vpp Setup Time 


*VPS 




2 


- 


- 


MS 


Vcc Setup Time 


*VCP 




2 


- 


- 


MS 


PGM Pulse Width During Initial Programming 


tpw 




0.95 


1.0 


1.05 


ms 


CE Pulse Width During Overprogramming 


*OPW 




2.85 


_ 


78.75 


ms 


Data Valid from OE 


l OE 




- 


- 


150 


ns 



Notes: tQpw is defined as mentioned in flow chart. 

t DF defines the time at which the output achieves the open circuit condition and data is no 

■ SWITCHING CHARACTERISTICS 

• TEST CONDITION 

• Input pulse level: 0.45V to 2.4V 

• Input rise and fall time: ^ 20ns 

• Reference level for measuring time: 0.8V and 2V 



longer driven. 



Address 



Data 



■ RECOMMENDED SCREENING CONDITIONS 

Before mounting, please 
make the screening (baking 
without bias) shown in the 
right. 



Program and 

Verify 

by Programmer 



IE 



CE 
OE 







1 


3 rogram , 




. • « e> 




*■■ 


/erify ~* 




5 






< 




-<-i . 


I 




t AH \m • 







: -"•■ : 


— ! 






Vi'i- 


tl», 




tUH 








^hf 




V<, ; 
( +1 


fll'S 














Vn j 


' j M s 














1 


u 


r 


h^\ 


t»h 














1 


<-.... 


/ 







Baking at 

125 to 150°C 

for 24 to 4 8hrs 



X 



Ensuring 
Read-out 



X 



Mounting 



Recommended 
Screening conditions 
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32768-word x 8-bit CMOS UV Erasable and Programmable ROM 



■ FEATURES 

• Low Power Dissipation 



Access Time 



• Single Power Supply 

• High Performance Programming . . 

• Static 

• Inputs and Outputs TTL Compatible 
Modes 

• Absolute Max. Rating of Vpp pin. . . 

• Device Identifier Mode 

• Compatible with INTEL 27256 



i BLOCK DIAGRAM 

ADDRESS ®~ 



20mW/MHz typ. (Active Mode) 
5ptW typ. (Standby Mode) 
170ns max. (HN27C256G-17) 
200ns max. (HN27C256G-20) 
250ns max. (HN27C256G-25) 
300ns max. (HN27C256G-30) 
5V ± 5% 

Program Voltage: + 12.5V DC 
No Clocks Required 
During Both Read and Program 

14.0V 

Manufacturer Code 
and Device Code 




■ PIN ARRANGEMENT 



l/o O-f 



ce o-£>- 
oeO-C>- 

Vcc 



512X512 
MEMORY MATRIX 



fcrrl 



fc^ 1 



t_<as 

— C_> 



^ 



$~~^~$ 



5 



Vpp (7 


w 


77] vcc 


All [7 




77) Ah 


A, [7 




m a " 


A. (T 




77) a. 


As (T 




77] a» 


A * Cl 




77] a,, 


A.rr 




7] 0E 


Az (Z 




ill Al ° 


A. [7 




20] CE 


Ao [To 




ii] °' 


oo Q7 




ID °« 


o, [17 




77] os 


0j (77 




77] o, 


cnd [77 




77] o 3 




(Top View) 





tew> HIGH THRESHOLD 
INVERTER 



MODE SELECTION 



^~~~~— — ^_^ Pins 
Mode ^~~~^-~~-^^_ 


CE 

(20) 


OE 

(22) 


Vpp 

(1) 


vcc 

(28) 


A9 
(24) 


Outputs 
(11 -13,15 -19) 


Read 


VJL 


VlL 


vcc 


vcc 


X 


Dout 


Output Disable 


VlL 


VlH 


vcc 


vcc 


X 


HighZ 


Standby 


VlH 


X 


vcc 


vcc 


X 


HighZ 


High Performance Program 


VlL 


VlH 


Vpp 


vcc 


X 


Din 


Program Verify 


VlH 


VlL 


Vpp 


vcc 


X 


Dout 


Optional Verify 


VlL 


VlL 


Vpp 


vcc 


X 


Dout 


Program Inhibit 


VlH 


VlH 


Vpp 


vcc 


X 


HighZ 


Identifier 


VlL 


VfL 


vcc 


vcc 


v H 


Code 



Note) X: Don't care. 

Vh'. 12.0V ± 0.5V. 
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ABSOLUTE MAXIMUM RATING 



Item 


Symbol 


Value 


Unit 


Operating Temperature Range 


Topr 


to +70 


°C 


Storage Temperature Range 


T stg 


-65 to +125 


•c 


Storage Temperature Range Under Bias 


Tbias 


-10 to +80 


°c 


All Input and Output Voltages* 


V IN> VOUT 


-1.0** to +7 


V 


Voltage on Pin 24 (A9)* 


VlD 


-0.6 to +13.5 


V 


Vpp Voltage* 


Vpp 


-0.6 to +14 


V 


Vqq Voltage* 


vcc 


-0.6 to +7 


V 



* with respect to GND ** Pulse width: 50ns, DC: Vjl min = -0.6V 

• HN27C256G IDENTIFIER CODES 



"^-^^^ Pins 
Identifier"---^^^ 


A 
(10) 


o 7 

(19) 


(18) 


(17) 


o 4 

(16) 


o 3 

(15) 


(13) 


(12) 


O 

(11) 


Hex 
Data 


Manufacturer Code 


VlL 

















1 


1 


1 


07 


Device Code 


VlH 


1 





1 


1 














BO 



Notes: 1. A 9 = 12.0V ± 0.5V. 

2. A 1 ^ 8 ,A 10 ^ 4 ,CE,OE=K /I . 

■ READ OPERATION 

• DC AND OPERATING CHARACTERISTICS {J a = ~ +70°C, Vcc = 5V ± 5%) 



Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Leakage Current 


ILI 


V in = 5.25V 


- 


- 


2 


MA 


Output Leakage Current 


lLO 


V out = 5 25V/0.4V 


- 


- 


2 


/uA 


Vpp Current 


IPPI 


Vpp = 5.5 V 


- 


1 


20 


ma 


Vcc Current (Standby) 


J SBl 


CE=K /7/ 


- 


- 


1 


mA 


J SB2 


CE= V C C ± 0.3V 


- 


1 


20 


M A 




'CCl 


CE= VlLJout=0mA 


- 


- 


30 


mA 


Vcc Current (Active) 


J CC2 


f=5 MHz,/ ou/ = 0mA 


- 


- 


30 


mA 




J CC3 


/= 1 MHz,/ OM/ = OmA 


- 


- 


8 


mA 


Input Voltage 


VlL 




-1.0* 


- 


0.8 


V 


VlH 




2.2 


- 


vcc+is** 


V 




vol 


IOL = 2.1 mA 


- 


- 


45 


V 


Output Voltage 


VOHl 


J OH = -400 M 


24 


- 


- 


V 




VOH2 


/Off = -100/u A 


^CC-0.7 


- 


- 


V 


Vpp Voltage 


vpp 




3 8 


- 


vcc 


V 



Pulse width: 50ns, DC: Vjl min = -0.3V 
** Pulse width <1 20ns, DC: V/ff ma x = Vcc + 1-0V. 
Mode may be unfixed: Vjjj = Vcc + 1 ~ 1 1.5 V. 
• AC CHARACTERISTICS (T a = ~ 70°C, V C C = 5V ± 5%, V PP = V C c) 



Parameter 


Symbol 


Test Condition 


HN27C256G-17 


HN27C256G-20 


HN27C256G-25 


HN27C256G-30 


Unit 


mm. 


max. 


min. 


max. 


min. 


max. 


min. 


max. 


Address to Output 
Delay 


tACC 


CE=OF>F/£ 


- 


170 


- 


200 


- 


250 


- 


300 


ns 


CE to Output Delay 


tCE 


OEW/z, 


- 


170 


- 


200 


- 


250 


- 


300 


ns 


OE to Output Delay 


tOE 


CE=V IL 


10 


60 


10 


70 


10 


100 


10 


150 


ns 


OF High to Output 
Float 


tDF 


CE=V IL 





50 





50 





60 





105 


ns 


Address to Output 
Hold 


tOH 


CE=OF>Fjx 





- 





- 





- 





- 


ns 



Note: t/)F defines the time at which the Output achieves the open circuit condition and Data is no longer driven. 
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HN27C256G Series - 



■ SWITCHING CHARACTERISTICS 
TEST CONDITION 

Input pulse levels: 0.45V to 2.4V 

Input rise and fall time: <20ns 

Output load: 1 TTL Gate +100pF 

Reference level for measuring timing: 0.8V and 2.0V 



X 



CE- 



Stand - by Mode 



0E- 



\ 



x: 



/ Stand-by Mode 



•« t OH — ■■ 



////( ' Data Out Valid 'TV 



h 



■ CAPACITANCE (7fl=25°C,/=lMHz) 












Parameter 


Symbol 


Test Condition 


Min. 


Typ. 


Max. 


Unit. 


Input Capacitance 


Cm 


K in = 0V 


- 


4 


6 


pF 


Output Capacitance 


Cout 


Vout-OW 


- 


8 


12 


pF 



■ HIGH PERFORMANCE PROGRAMMING 

This device can be applied the High Performance 
Programming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming 
time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 



Address + 1 -» Address I 



SET PROG \ERIFYMODE 
lpp = 12=i±(n\ lrr=60+()25\ 



| Address =o"] 



Program tp\\ — lms ± 5% 



Program topu =3nms 




(7tJL) 



High Performance Programming Flowchart 
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■ HIGH PERFORMANCE PROGRAMMING OPERATION 

• DC PROGRAMMING CHARACTERISTICS (7tf=25°C±5°C, K CC =6V±0.25V, J/>/> = 12.5V±0.3V) 



Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


Ili 


F/at=6.25V/0.45V 


- 


- 


2 


MA 


Output Low Voltage During Verify 


Vol 


Iql = 2.1 mA 


- * 


- 


0.45 


V 


Output High Voltage During Verify 


Voh 


lOH = ~ 4 00 nA 


2.4 


- 


- 


V 


Vqq Current (Active) 


ICC2 




- 


- 


100 


mA 


Input Low Level 


VlL 




-0.1 


- 


0.8 


V 


Input High Level 


VlH 




2.2 


- 


vcc 


V 


Vpp Supply Current 


Ippi 


CE=K /L 


- 


- 


30 


mA 



Notes) 1. Vqq must be applied before Vpp and removed after Vpp. 

2. Vpp must not exceed 13V including overshoot. 

3. An influence may be had upon device reliability if the device is in stalled or removed while Vpp = 12.5 V. 

4. Do not alter Vpp either Vji to 12.5V or 12.5V to Vji when CE = Low. 



• AC PROGRAMMING CHARACTERISTICS (7V 


=25°C±5°C, K cc =6V±0.25V,K/>/>=12.5V±0.3V) 




Parameter 


Symbol 


Test Condition 


mm. 


typ. 


max. 


Unit 


Address Setup Time 


Us 




2 


- 


- 


us 


OE Setup Time 


*OES 




2 


- 


- 


MS 


Data Setup Time 


*DS 




2 


- 


- 


MS 


Address Hold Time 


Uh 







- 


- 


MS 


Data Hold Time 


*DH 




2 


- 


- 


MS 


OE to Output Float Delay 


l DF 







- 


130 


ns 


Vpp Setup Time 


*VPS 




2 


- 


- 


MS 


Vcc Setup Time 


J VC 




2 


- 


- 


MS 


PGM Pulse Width During Initial Programming 


tpw 




0.95 


1.0 


1.05 


ms 


CE Pulse Width During Overprogramming 


*OPW 




2.85 


- 


78.75 


ms 


CE Setup Time 


*CES 




2 


- 


- 


MS 


Data Valid from OE 


'OE 







- 


150 


ns 



Notes: topyyxs defined as mentioned in flow chart 

t£fp defines the time at which the output achieves the open circuit condition and data is no longer driven. 

■ SWITCHING CHARACTERISTICS 

• TEST CONDITION 

• Input pulse level: 0.45V to 2.4V 

• Input rise and fall time: <L 20ns 

• Reference level for 
measuring time: 0.8V and 2V 





^~ 


Pro 


gram «- 


I^Program , 

[""""Verify ~*" 




ress ) 


: l v 




-f.s i 




t 4//L * 




Data 


» II,,, In S..II. ; 


f. 




L H ,1 , <>„! 

r \ ,1 ,1 












\ 


















Vrr 


t„S 


/ l>H 


Idf 




Vl .,Yi±J 


firs 














I'm +1 






V ( < f 


h( s 


y 












CE 








L 










OE ' ni 


'in, s 


l»i 














\ 


/ 







■ ERASE 

Erasure of HN27C256G is performed by exposure to ultraviolet light of 2537 A and all the output data are 
changed to "1" after this erasure procedure. The minimum integrated dose (i.e. UV intensity x exposure time) 
for erasure is 15W. sec/cm 2 
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HN27C256G Series - 



SUPPLY CURRENT VS. SUPPLY VOLTAGE SUPPLY CURRENT VS. AMBIENT TEMPERATURE 



1 

Ta =25t 






/=5MHz 

































5 , 






Vcc=50V 
V..= Vcc/ Vss 
/=5MHz 











































Supply Voltage Vcc (V) 



Ambient Temperature Ta (t) 



SUPPLY CURRENT VS. FREQUENCY 



ACCESS TIME VS. LOAD CAPACITANCE 





Vcc = 5V 
7a=25t 
V,.= Vcc/ Vss 





































































05 10 

Frequency / (MHz) 



I 12 
1 

































Ta=25t 
Vcc =MIN 



















100 200 300 

Load Capacitance Cl (pF) 



ACCESS TIME VS. SUPPLY VOLTAGE 



ACCESS TIME VS. AMBIENT TEMPERATURE 









fa = 25t 











































50 55 

Supply Voltage Vcc (V) 



i 
H 09 









Vcc = 5 0V 










































2 


4 


6 


8C 

1 



Ambient Temperature Ta (Xl) 
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HN27C256G Series 



OUTPUT CURRENT VS. OUTPUT VOLTAGE 









Ta =25t 
Vcc=5V 











































OUTPUT CURRENT VS. OUTPUT VOLTAGE 

































Ta = 25t 
Vcc=5V 





















2 04 06 



Output Voltage Von (V) 



Output Voltage Vol (V) 



STANDBY CURRENT 

VS. AMBIENT TEMPERATURE 



4 10 







Vcc = 5V 
CE = 5V 
Dark Condition 



















































STANDBY CURRENT VS. SUPPLY VOLTAGE 





Ta = 25t 
CE=Vcc 
Dark Cond 


Hon 




































6 
















6 



Ambient Temperature Ta ( £ ) 



Supply Voltage Vcc (V) 
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32768-word x 8-bit CMOS UV Erasable and Programmable ROM 



The HN27C256FP is a 32768-word by 8-bit on time electrically pro- 
grammable ROM. Initially, all bits of the HN27C256FP are in the "1" 
State (Output High). Data is introduced by selectively programming 
"0" into the desired bit locations. This device is packaged in a 28 pin, 
plastic flat package (SOP). Therefore, this device cannot by re-written. 

■ FEATURES 

• Low Power Dissipation 20mW/MHz typ. (Active Mode) 

5/uW typ. (Standby Mode) 

• Access Time 200ns max. (HN27C256FP-20) 

250ns max. (HN27C256FP-25) 
300ns max. (HN27C256FP-30) 

• Single Power Supply 5V ± 5% 

• High Performance Programming . . Program Voltage: +12.5V DC 

• Static No Clocks Required 

• Inputs and Outputs TTL Compatible During Both Read and Program 
Modes 

• Absolute Max. Rating of Vpp pin. . . 14.0V 

• Device Identifier Code Manufacturer Code 

and Device Code 

■ BLOCK DIAGRAM 




(FP-28D) 



i/o O- 



l/o O- 



CE 0-p>^ 

oeO-O- 



512X512 
MEMORY MATRIX 



fe^ 



<0£ 

zoo 



s? 



% 



■ PIN ARRANGEMENT 


vpp [7 




28] Vcc 


Al! \T 




77] Am 


Ar [T 




lis] An 


A6 (T 




]T) A. 


As [T 




24] At 


A4 (T 




m a " 


A3 [7 




22] OE 


A* (7 




7T] A.o 


A. (7 




jio] CE 


Ao [To 




17] 0: 


oo [77 




Is] 0« 


o. QT 




77] Os 


0: (77 




7e] 0, 


GND [77 




IB 0i 



to* HIGH THRESHOLD 
INVERTER 
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HN27C256FP 



■ MODE SELECTION 



^^---^^^ Pins 
Mode ^*~~~---^^^ 


CE 
(20) 


OE 

(22) 


A9 
(24) 


Vpp 

(1) 


vcc 

(28) 


Outputs 
(11-13,15-19) 


Read 


VlL 


VlL 


X 


vcc 


vcc 


Dout 


Output Disable 


VlL 


VlH 


X 


vcc 


vcc 


HighZ 


Standby 


VlH 


X 


X 


vcc 


vcc 


HighZ 


High Performance Program 


VlL 


VlH 


X 


Vpp 


vcc 


Din 


Program Verify 


VlH 


VlL 


X 


Vpp 


vcc 


Dout 


Operational Verify 


VlL 


VlL 


X 


Vpp 


vcc 


Dout 


Program Inhibit 


VlH 


VlH 


X 


Vpp 


vcc 


HighZ 


Identifier 


VlL 


VlL 


VH 


vcc 


vcc 


Code 



Note) X: Don't care. 

Vh: 12.0 ± 0.5V. 

■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Operating Temperature Range 


Topr 


to +70 


°C 


Storage Temperature Range 


T stg 


-55 to +125 


•c 


Storage Temperature Range Under Bias 


T bias 


-10 to +80 


°c 


All Input and Output Voltages* 


VlN, VOUT 


-1.0** to +7 


V 


Voltage on Pin 24 (A9) 


VlD 


-0.6 to +13.5 


V 


Vpp Voltage* 


Vpp 


-0.6 to +14 


V 


Vcc Voltage* 


vcc 


-0.6 to +7 


V 



* with respect to GND. ** Pulse width: 50ns, DC: Vji min = -0.6V 

• HN27C256FP IDENTIFIER CODES 



^-^^^ Pins 
Identifier ^"^--^^^ 


A 
(10) 


o 7 

(19) 


(18) 


(17) 


o 4 

(16) 


o 3 

(15) 


o 2 

(13) 


(12) 


O 

(11) 


Hex 
Data 


Manufacturer Code 


VlL 

















1 


1 


1 


07 


Device Code 


VlH 


1 





1 


1 














B0 



Notes: 1. A 9 = 12.0V ± 0.5V. 

2. A 1 ^ 8 ,A 10 ^ 14 ,CE,OE=F/ L . 

■ READ OPERATION 

• DC AND OPERATING CHARACTERISTICS (T a : 



~ +70°C, Vcc = 5V ± 5%) 



Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Leakage Current 


ILI 


V in = 5.25V 


- 


- 


2 


ma 


Output Leakage Current 


lLO 


F OMr =5.25V/0.4V 


- 


- 


2 


ma 


Vpp Current 


IPPI 


Vpp = 5.5 V 


- 


1 


20 


ma 




J SB I 


CE=Vm 


- 


- 


1 


mA 


VCC Current (Standby) 


J SB2 


CE = V C c ± 0.3V 


- 


1 


20 


MA 




icc\ 


CE=V IL J out = 0mA 


- 


- 


30 


mA 


VCC Current (Active) 


!CC2 


/=5MHz,/ ouf = 0mA 


- 


- 


30 


mA 




*CC3 


/= 1 MHz,/ our = 0mA 


- 


- 


8 


mA 




VlL 




-1.0* 


- 


0.8 


V 


Input Voltage 


VlH 




2.2 


- 


Fcc+1.5** 


V 




vol 


/0£ = 2.1 mA 


- 


- 


0.45 


V 


Output Voltage 


VOHl 


lOH = - 400 mA 


2.4 


- 


- 


V 




VOH2 


/07/=-lOO M A 


vcc-oi 


- 


- 


V 


Vpp Voltage 


Vpp 




3.8 


- 


vcc 


V 



I 



* Pulse width: 50ns, DC: V/l min = -0.3V 

** Pulse width £ 20ns, DC VjHmax = VCC + 1.0V. 

Mode may be unfixed: Vjjf = VCC + 1 ~ 1 1 .5V. 
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HN27C256FP 

• AC CHARACTERISTICS (T a = ~ 70°C, V C c = 5V ± 5%, V& = V C c) 


Parameter 


Symbol 


Test Condition 


HN27C256FP-20 


HN27C256FP-25 


HN27C256FP-30 


Unit 


min. 


max. 


min. 


max. 


min. 


max. 


Address to Output Delay 


*ACC 


CE = OE = Vji 


- 


200 


- 


250 


- 


300 


ns 


CE to Output Delay 


*CE 


m=v IL 


- 


200 


- 


250 


- 


300 


ns 


OE to Output Delay 


*OE 


CE-V IL 


10 


70 


10 


100 


10 


150 


ns 


OE High to Output Float 


*DF 


CE=V IL 





50 





60 





105 


ns 


Address to Output Hold 


*OH 


CE = OE=F/£ 





- 





- 





- 


ns 



Note: t[)p defines the time at which the Output achieves the open circuit condition and Data is no longer driven. 



i SWITCHING CHARACTERISTICS 
TEST CONDITION 

Input pulse levels: 
Input rise and fall time: 
Output load: 



0.45V to 2.4V 

<20ns 

1 TTLGate+100pF 



Reference level for measuring timing: 0.8V and 2.0V 



cl- 



0E- 



Dt 



Stand - by Mode 



^ 



X. 



/ Stand — by Mode 



r 



Data Out Valid 



5» 



■ CAPACITANCE (7*=25 


3 C,/=lMHz) 












Parameter 


Symbol 


Test Condition 


Min. 


Typ. 


Max. 


Unit. 


Input Capacitance 


C in 


Vin = 0V 


- 


4 


6 


pF 


Output Capacitance 


Cout 


^ouf = 0V 


- 


8 


12 


pF 
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HN27C256FP 



■ HIGH PERFORMANCE PROGRAMMING 

This device can be applied the High Performance Programming algorithm shown in following flowchart. This 
algorithm allows to obtain faster programming time without any voltage stress to the device nor deterioration in 
reliability of programmed data. 



Address +1-* Address 



SET PROG 'VERIFY MODE 
lpp = 12S+0.W lff=60±025V 



r^r~\ 



n^n 




|G0 
^ENDJ (FAILJ 

High Performance Programming Flowchart 



■ HIGH PERFORMANCE PROGRAMMING OPERATION 

• DC PROGRAMMING CHARACTERISTICS (7a=25°C±5°C, K CC =6V±0.25V, F/>/>=12.5V±0.3V) 



Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


*LI 


F/at=6.25V/0.45V 


- 


- 


2 


MA 


Output Low Voltage During Verify 


Vol 


I OL = 2.1 mA 


- 


- 


0.45 


V 


Output High Voltage During Verify 


Voh 


Ioh * " 4 00 M 


2.4 


- 


- 


V 


Vcc Current (Active) 


ICC2 




- 


- 


30 


mA 


Input Low Level 


VlL 




-0.1 


- 


0.8 


V 


Input High Level 


Vm 




2.2 


- 


vcc 


V 


Vpp Supply Current 


IPP2 


CE=V !L 


- 


- 


40 


mA 



Notes) 1. Vcc must b e applied before Vpp and removed after Vpp. 

2. Vpp must not exceed 1 3V including overshoot. 

3. An influence may be had upon device reliability if the devic e is in stalled or removed while Vpp - 12.5 V. 

4. Do not alter Vpp either Vji to 12.5 V or 12.5V to V/i when CE = Low. 



I 



HITACHI 

Hitachi America Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 



(408) 435-8300 



519 



HN27C256FP — — 

• AC PROGRAMMING CHARACTERISTICS (7*=25 C±5°C, K C c=6V±0.25V,F/»/>=12.5V±0.3V) 


Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Address Setup Time 


Us 




2 


- 


- 


MS 


OE Setup Time 


f OES 




2 


- 


- 


MS 


Data Setup Time 


r DS 




2 


- 


- 


MS 


Address Hold Time 


Uh 







- 


- 


MS 


Data Hold Time 


f DH 




2 


- 


- 


MS 


OE to Output Float Delay 


'iy 







- 


130 


ns 


Vpp Setup Time 


*VPS 




2 


- 


- 


MS 


Vcc Setup Time 


f vc 




2 


- 


- 


MS 


PGM Pulse Width During Initial Programming 


tpw 




0.95 


1.0 


1.05 


ms 


CE Pulse Width During Overprogramming 


tOPW 




2.85 


- 


78.75 


ms 


CE Setup Time 


f CES 




2 


- 


- 


MS 


Data Valid from OE 


*OE 







- 


150 


ns 



Notes: topw is defined as mentioned in flow chart. 

*DF defines the time at which the output achieves the open circuit condition and data is no longer driven. 

■ SWITCHING CHARACTERISTICS 

• TEST CONDITION 

• Input pulse level : 0.45V to 2.4V 

• Input rise and fall time: £ 20ns 

• Reference level for 
measuring timing: 0.8V and 2V 




■ RECOMMENDED SCREENING CONDITIONS 

Before mounting, please make the screening (baking 
without bias) shown in the right. 



Program and 

Verify 

by Programmer 



u~ 



Baking at 

125 to 150°C 

for 24 to 48 hrs 



m 



Ensuring 
Read-out 



Mounting 



Recommended 
Screening conditions 
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65536-word X 8-bit UV Erasable and Programmable Read Only Memory 

The HN27512G is a 65536-word by 8-bit erasable and electrically 
programmable ROM. This device is packaged in a 28-pin, dual-in-line 
package with transparent window. The transparent window allows 
the user to expose the chip to ultraviolet light to erase the bit 
pattern, whereby a new pattern can then be written into the device. 



■ FEATURES 

• Single Power Supply +5V ±5% 

• High Performance Program Voltage: +12.5V D.C. 

Programming High Performance Programming 

Operations 

• Static No Clocks Required 

• Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 

• Access Time HN27512G-25: 250ns (max.) 

HN27512G-30: 300ns (max.) 

• Absolute Max. Rating of 14.0V (max.) 

Vpp pin 

• Low Stand-by Current 40mA (max.) 

• Device Identifier Mode Manufacturer Code and Device 

Code 

• Compatible with Intel 27512 



BLOCK DIAGRAM 

Address Q 



Address O 





PIN ARRANGEMENT 




(Top View) 
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HN27512GSeries- 



MODE SELECTION 



^ ^^^ Pins 

Mode ^ .^^_ 


CE 

(20) 


OEJVpp 

(22) 


A9 
(24) 


vcc 

(28) 


Outputs 
(11-13,15-19) 


Read 


VlL 


VlL 


X 


vcc 


Dout 


Output Disable 


VlL 


VlH 


X 


vcc 


HighZ 


Stadby 


VlH 


X 


X 


vcc 


HighZ 


High Performance Program 


VlL 


Vpp 


X 


vcc 


Din 


Program Verify 


VlL 


VlL 


X 


vcc 


Dout 


Program Inhibit 


VlH 


VPP 


X 


vcc 


HighZ 


Identifier 


VlL 


VlL 


v H 


vcc 


Code 



Note) X . . . Don't care 

Vjj: 12.0V ± 0.5V. 



■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Operating Temperature Range 


*opr 


to +70 


°C 


Storage Temperature Range 


T stg 


-65 to +125 


°C 


Storage Temperature Range Under Bias 


'bias 


-10 to +80 


°C 


All Input and Output Voltages* 


V IN> V out 


-0.6 to +7 


V 


Voltage on Pin 24 (A9) 


VW 


-0.6 to +13.5 


V 


Vpp Voltage* 


Vpp 


-0.6 to +14.0 


V 


V cc Voltage* 


Vcc 


-0.6 to +7 


V 



* with respect to GND 

■ READ OPERATION 

• DC AND OPERATING CHARACTERISTICS (T a = to +70°C, V C c = 5V ±5%) 



Parameter 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


Ili 


V IN = 5.25 V 


- 


- 


10 


MA 


Output Leakage Current 


Ilo 


V out = 5.25V/0.45V 


- 


- 


10 


ma 


V cc Current (Standby) 


tea 


CE=V IH 


- 


- 


40 


mA 


Vcc Current (Active) 


ICC2 


CE = OE = Vil 


- 


45 


100 


mA 


Input Low voltage 


V JL 




-0.1* 


- 


0.8 


V 


Input High Voltage 


VlH 




2.0 


- 


KCC+I** 


V 


Output Low Voltage 


Vol 


l OL - 2.1mA 


- 


- 


0.45 


V 


Output High Voltage 


Vqh 


Iqh = -400mA 


2.4 


- 


- 


V 



*: DC, -0.6V AC 20ns. **: DC, Vcc + 1.5V AC 20ns. 

**: Mode selection is unfixed between Vm = Vcc + IV and K/// =11 .5V. 
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-HN27512G Series 



• AC CHARACTERISTICS (T a = to +70°C, V C c = 5V ±5%) 





Symbol 


Test Condition 


HN27512G-25 


HN27512G-30 


Unit 


Parameter 


min. 


max. 


min. 


max. 


Addres to Output Delay 


l ACC 


CE = OE = V IL 


- 


250 


- 


300 


ns 


CE to Output Delay 


l CE 


OE=K /L 


- 


250 


- 


300 


ns 


51 to Output Delay 


t OE 


CE=V IL 


- 


100 


- 


120 


ns 


OE High Output Float 


*DF 


CE = K /L 





60 





105 


ns 


Address to Output Hold 


f OH 


CE = OE = V lL 





- 





- 


ns 



Note: tj)f defines the time at which the Output achieves the open circuit condition and Data is no longer driven. 



• SWITCHING CHARACTERISTICS 

Test Condition 

Input Pulse Levels: 

Input Rise and Fall Time: 

Output Load: 

Reference Level for Measuring Timing: 



0.45V to 2.4V 

<20ns 

1 TTLGate+100pF 

0.8V and 2.0V 



Address 



CE 



OEfV Pl 



Data Out 



X 



Stand-by Mode 



\ 



\ 



Active Mode 



*OE 



**ACC 



^a 



x 



/ 



Stand-by Mode 



/ 



*DF 



Data Out Valid 



m 



CAPACITANCE (T a = 25°C, /= 1MHz) 



Parameter 


Symbol 


Test Condition 


min. 


typ- 


max. 


Unit 


Input Capacitance (except OE/ Vpp) 


Qnl 


V in = 0V 


- 


4 


6 


pF 


OE/ V PP Pin 


Qn2 


V in = 0V 


- 


12 


20 


pF 


Output Capacitance 


C out 


V O ut = 0V 


- 


8 


12 


pF 
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HN27512GSerie»- 



■ HIGH PERFORMANCE PROGRAMMING 

This device can be applied the High Performance Programming algorithm show in following flowchart. This 
algorithm allows to obtain faster programming time without any voltage stress to the device nor deterioration 
in reliability of programmed data. 



Address+1 -* Address 



C START } 



SET PROG./VERIFY MODE 

K P p= 12.5 ±0.3 V, K cc = 6.0 ± 0.25V 



Address = 



n = 



n+l-*n 



Program tpw - 1ms ±5% 




NOGO 



SET READ MODE 
K CC = 5.0V±0.25V 



C END ) 

High performance Programming Flowchart 




NOGO 



NO 



n = 25 



YES 




Q FAIL ^ 
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-HN27512G Series 



■ DEVICE IDENTIFIER MODE 

The Identifier Mode allows the reading out of binary codes that identify manufacturer and type of device, 
from outputs of EPROM. By this Mode, the device will be automatically matched its own corresponding 
programming algorithm, using programming equipment. 

• HN27512G SERIES IDENTIFIER CODE 



^ — ^^^ Pins 
Identifier" ^_ 


A 
(10) 


o 7 

(19) 


(18) 


(17) 


o 4 

(16) 


o 3 

(15) 


o 2 

(13) 


(12) 


o 
(11) 


Hex 
Data 


Manufacturer Code 


VlL 

















1 


1 


1 


07 


Device Code 


VlH 


1 








1 





1 








94 



Notes: 1. A 9 = 12.0 ± 0.5V. 

2. A 1 ^ i ,A t0 ^„,CE f OE/K Pi ^K/jr. 



■ HIGH PERFORMANCE PROGRAMMING OPERATION 

• DC PROGRAMMING CHARACTERISTICS^ = 25°C±5°C, V C c = 6V±0.25V, V PP = 12.5V±0.3V) 



Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


Ili 


K /N = 5.25 V 


- 


- 


10 


MA 


Output Low Voltage During Verify 


Vol 


I OL = 2.1mA 


- 


- 


0.45 


V 


Output High Voltage During Verify 


Voh 


/ oh =-400mA 


2.4 


- 


- 


V 


Vcc Cerent (Active) 


l CC1 




- 


- 


100 


mA 


Input Low Level 


VlL 




-0.1* 


- 


0.8 


V 


Input High Level 


VlH 




2.0 


- 


vcc** 


V 


Vpp Supply Current 


I PP 


CE=K /L 


- 


- 


50 


mA 



*: DC, -0.6V AC 20ns. **: DC, V C C + 0.5V AC 20ns. 

**: Mode Selection is unfixed between V/jf = Vcc and VlH = 1 1.5V. 

• AC PROGRAMMING CHARACTERISTICS^ = 25°C±5°C, V C c = 6V±0.25V, V PP = 12.5V±0.3V) 



Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Address Setup Time 


<AS 




2 


- 


- 


MS 


Data Setup Time 


*DS 




2 


- 


- 


MS 


Address Hold Time 


tAH 







- 


- 


MS 


Data Hold Time 


t DH 




2 


- 


- 


MS 


OE Hold Time 


l OEH 




2 


- 


- 


MS 


CE to Output Float Delay 


*DF 







- 


130 


ns 


Vpp Setup Time 


typs 




2 


- 


- 


MS 


Vcc Setup Time 


*VCS 




2 


- 


- 


MS 


CE Pulse Width During Initial Programming 


tpw 




0.95 


1.0 


1.05 


ms 


CE Pulse Width During Overprogramming 


tOPW 




2.85 


- 


78.75 


ms 


Vpp Recovery Time 


*VR 




2 


- 


- 


MS 


Data Valid from CE 


t DV 




- 


- 


1 


MS 



Notes: topw x% defined as mentioned in flow chart. 

tj)p defines the time at which the output achieves the open circuit condition and data is no longer driven. 
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HN27512G Series- 



• SWITCHING CHARACTERISTICS 

Test Condition 

Input Pulse Level: 0.45V to 2.4V 

Input Rise and Fall Time: ^ 20ns 

Reference Level for Measuring Timing: 0.8V and 2.0V 



Address 



Data 



X 



< 



Vpp 



OE/Vpp 

V C C 
CE 



/ 



Kcc+1 
v cc 



/ 



Program 



Us 



Data In Stable 



*DS 



typs 



tvcs 



> 



KJ 



tpw 



t DH 



X 



t OEH 



t VR 



\ 



Program Verify 



:<: 



< 



t DV 



UH 



I 
Data Out Valid 



/ 



*DF 



> 



■ ERASE 

Erasure of HN27512G is performed by exposure to ultraviolet light of 2537A and all the output data are 
changed to "V after this erasure procedure. The minimum integrated dose (i.e. UV intensity x exposure 
time) for erasure is 1 5 W. sec/cm 2 . 
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-HN27512G Series 



SUPPLY CURRENT VS. 
SUPPLY VOLTAGE 



80 



^ 60 



40 







Ta = 25°C 


















-2 






In 






Icc\ 






I 



SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 















Wc = 5V 






80 




























< 
















^ 


60 














■^ 














c 


40 














a. 
a. 

CO 










_ /CC2 




20 
n 
























/cci 










'- 





Supply Voltage Vcc (\) 



20 40 60 

Ambient Temperature Ta (°C ) 



ADDRESS ACCESS TIME VS. 
VOLTAGE 



250 



200 



150 



100 



< 50 







Ta = 25°C 





































4 5 6 

Supply Voltage Vcc (V) 



ADDRESS ACCESS TIME VS. 
AMBIENT TEMPERATURE 



250 



200 



| 150 
I 100 



50 











Vcc = 5V 





















































20 40 60 

Ambient Temperature Ta (°C) 
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HN27512P Series 



Preliminary 



65536-word x 8-bit One Time Electrically Programmable Read Only Memory 

The HN27512P is a 65536-word by 8-bit one time electrically pro- 
grammable ROM. Initially, all bits of the HN27512P are in the "1" 
state (Output High). Data is introduced by selectively programming 
"0" into the desired bit locations. This device is packaged in a 28 
pin, plastic dual-in-line package. Therefore, this device can not be 
re-written. 



■ FEATURES 

• Single Power Supply +5V ±5% 

• High Performance Program Voltage: +12.5V D.C. 

Programming High Performance Programming 

Operations 

• Static No Clocks Required 

• Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 

• Access Time HN27512P-25: 250ns (max.) 

HN27512P-30: 300ns (max.) 

• Absolute Max. Rating of 14.0V (max.) 

Vpp pin 

• Low Stand-by Current 40mA (max.) 

• Device Identifier Mode Manufacturer Code and Device 

Code. 



BLOCK DIAGRAM 



Address O 



Address C> 





PIN ARRANGEMENT 




(Top View) 



: High Tereshold 
Inverter 



Note) The specifications of this device are subject to change without notice. 

Please contact your nearest Hitachi's Sales Dept. regarding specifications. 
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■ MODE SELECTION 



^""^-^^^ Pins 

Mode "" -^^^ 


CE 

(20) 


OE/Vpp 
(22) 


A9 
(24) 


vcc 

(28) 


Outputs 
(11-13,15-19) 


Read 


VlL 


VlL 


X 


vcc 


Dout 


Output Disable 


VlL 


VlH 


X 


vcc 


HighZ 


Standby 


VlH 


X 


X 


vcc 


HighZ 


High Performance Program 


VlL 


Vpp 


X 


vcc 


Din 


Program Verify 


VlL 


VlL 


X 


vcc 


Dout 


Program Inhibit 


VlH 


Vpp 


X 


vcc 


HighZ 


Identifier 


VlL 


VlL 


v H 


vcc 


Code 



Note) X . . . Don't care 
Vff: 12.0V ± 0.5V. 



ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Operating Temperature Range 


*opr 


to +70 


°C 


Storage Temperature Range 


T *tg 


-55 to +125 


°c 


Storage Temperature Range Under Bias 


T bUu 


-10 to +80 


°c 


All Input and Output Voltages'" 


Vin> V out 


-0.6 to +7 


V 


Voltage on Pin 24 (A9) 


VlD 


-0.6 to +13.5 


V 


Vpp Voltage* 


Vpp 


-0.6 to +14.0 


V 


V cc Voltage* 


v C c 


-0.6 to +7 


V 



* with respect to GND 

■ READ OPERATION 

• DC AND OPERATING CHARACTERISTICS (T a = to +70°C, V C c " 5V ±5%) 



Parameter 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


iLl 


V JN = 5.25V 


- 


- 


10 


MA 


Output Leakage Current 


Ilo 


V out = 5.25/0.45V 


- 


- 


10 


ma 


V C c Current (Standby) 


J CC1 


CE=K /H 


- 


- 


40 


mA 


Vcc Current (Active) 


ICC2 


CE = OE = Vil 


- 


45 


100 


mA 


Input Low voltage 


VlL 




-0.1* 


- 


0.8 


V 


Input High Voltage 


Vm 




2.0 


- 


KCC+I** 


V 


Output Low Voltage 


Vol 


Iol - 2.1mA 


- 


- 


0.45 


V 


Output High Voltage 


VOH 


'oh = -400mA 


2.4 


- 


- 


V 



DC, -0.6V AC 20ns. **: DC, Vcc + 1.5V AC 20ns. 

Mode selection is Unfixed between Vm = Vcc + IV and Vm =11 .5V. 
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HN27512P Series - 



• AC CHARACTERISTICS (T a = to +70°C, V C c = 5V ±5%) 



Parameter 


Symbol 


Test Condition 


HN27512P-25 


HN27512P-30 


Unit 


min. 


max. 


min. 


max. 


Addres to Output Delay 


tACC 


CE = OE = V 1L 


- 


250 


- 


300 


ns 


CE to Output Delay 


t CB 


OE=K /L 


- 


250 


- 


300 


ns 


OE to Output Delay 


t OE 


Cl= Vjl 


- 


100 


- 


120 


ns 


51 High Output Float 


*DF 


CE=K /L 





60 





105 


ns 


Address to Output Hold 


( OH 


CE * OE * V IL 





- 





- 


ns 



Note: top defines the time at which the Output achieves the open circuit condition and Data is no longer driven. 



• SWITCHING CHARACTERISTICS 

Test Condition 

Input Pulse Levels: 

Input Rise and Fall Time: 

Output Load: 

Reference Level for Measuring Timing: 



0.45V to 2.4V 

<20ns 

1 TTLGate+100pF 

0.8V and 2.0V 



Address 



X 



CE Stand-by Mode 



OE/r w 



Data Out 



\ 



\ 



Active Mode 



t OE 



-Ucc 



^3 



K 



/ 



Stand-by Mode 



/ 



r DF 



*OH 



Data Out Valid 



S 



• CAPACITANCE (T a = 25°C, /= 1MHz) 



Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Input Capacitance (except OE/ Vpp) 


c inl 


K /n = 0V 


- 


4 


6 


pF 


Ot/Vpp Pin 


c in2 


Vln'OV 


- 


12 


20 


pF 


Output Capacitance 


C out 


V O ut = 0V 


- 


8 


12 


pF 
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-HN27512P Series 



■ HIGH PERFORMANCE PROGRAMMING 

This device can be applied the High Performance Programming algorithm show in following flowchart. This 
algorithm allows to obtain faster programming time without any voltage stress to the device nor deterioration 
in reliability of programmed data. 



( START ) 



Address+1 -»• Address 



SET PROG./VERIFY MODE 
V PP = 12.5 ±0.3 V, K CC = 6.0±0.25V 



Address = 



n = 



n+1 -n 



Program tpw - lms±5% 




NOGO 



SET READ MODE 
V CC = 5. 0V± 0.25 V 




NOGO 



High performance Programming Flowchart 



NO 



YES 




Q FAIL } 
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HN27512P Series - 



■ DEVICE IDENTIFIER MODE 

The Identifier Mode allows the reading out of binary codes that identify manufacturer and type of device, 
from outputs of EPROM. By this Mode, the device will be automatically matched its own corresponding 
programming algorithm, using programming equipment. 

• HN27512P SERIES IDENTIFIER CODE 



^-^^^ Pins 

Identifier "*^^^ 


A 
(10) 


o 7 

(19) 


(18) 


(17) 


o 4 

(16) 


(15) 


(13) 


(12) 


(11) 


Hex 
Data 


Manufacturer Code 


VlL 

















1 


1 


1 


07 


Device Code 


Vm 


1 








1 





1 








94 



Notes: 1. A 9 = 12.0V ± 0.5V. 



2. A,, 



s X*,OE/V P p=V IL . 



■ HIGH PERFORMANCE PROGRAMMING OPERATION 

• DC PROGRAMMING CHARACTERISTICS^ = 25°C±5°C, Vqc = 6V±0.25V, V PP = 12.5 V± 0.3V) 



Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


In 


V IN = 5.25 V 


- 


- 


10 


AiA 


Output Low Voltage During Verify 


Vol 


I OL = 2.1mA 


- 


- 


0.45 


V 


Output High Voltage During Verify 


Voh 


Iqh = -400 M A 


2.4 


- 


- 


V 


Vqc Current (Active) 


J CC2 




- 


- 


100 


mA 


Input Low Level 


VlL 




-0.1* 


- 


0.8 


V 


Input High Level 


v m 




2.0 


- 


vcc** 


V 


Vpp Supply Current 


Ipp 


CE=V JL 


- 


- 


50 


mA 



*: DC, -0.6V AC 20ns. **: DC, Vqc + 0.5V AC 20ns. 
**: Mode selection is unfixed between Vqc an <* Vjjf =11 .5V. 

• AC PROGRAMMING CHARACTERISTICS (T a = 25°C±5°C, V cc = 6V±0.25V, V PP = 12.5V±0.3V) 



Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Address Setup Time 


Us 




2 


- 


- 


MS 


Data Setup Time 


f DS 




2 


- 


- 


MS 


Address Hold Time 


Uh 







- 


- 


MS 


Data Hold Time 


*DH 




2 


- 


-• 


MS 


OE Hold Time 


*OEH 




2 


- 


- 


MS 


CE to Output Float Delay 


'df 







- 


130 


ns 


Vpp Setup Time 


*VPS 




2 


- 


- 


MS 


Vcc Setup Time 


tvcs 




2 


- 


- 


MS 


CE Pulse Width During Initial Programming 


*PW 




0.95 


1.0 


1.05 


ms 


CE Pulse Width During Overprogramming 


*OPW 




2.85 


- 


78.75 


ms 


Vpp Recovery Time 


*VR 




2 


- 


- 


MS 


Data Valid from CE 


t DV 




- 


- 


1 


MS 



Notes: topw * s defined as mentioned in flow chart. 

tpF defines the time at which the output achieves the open circuit condition and data is no longer driven. 
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• SWITCHING CHARACTERISTICS 

Test Condition 

Input Pulse Level: 0.45V to 2.4V 

Input Rise and Pall Time: ^20ns 

Reference Level for Measuring Timing: 0.8V and 2.0V 



HN27512P Series 



Address 



Data 



OEIV PP 

V C C 
CE 



V PP 



X 



Program 



(AS 



C 



Data In Stable 



tps 



r„ 



Vcc+i 
v C c 



/ 



*vcs 



\J 



tpw 



*DH 



> 



\ 



tQEH 



f VR 



\ 



Program Verify 



< 



t DV 



tAH 



Data Out Valid 



/ 



f DF 



X. 



> 



■ RECOMMENDED SCREENING CONDITIONS 

Before mounting, please make the screening (baking 
without bias) shown in the right. 



Program and 

Verify 

by Programmer 



in 



Baking at 

125 to 150°C 

for 24 to48hrs 



Ensuring 
Read-out 



_L 



Mounting 



Recommended 
Screening conditions 
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HN2701024G Series "Under Development 

65536-word X 1 6-bit CMOS UV Erasable and Programmable ROM 

The HN27C1024G is a 65536 word by 16-bit erasable and electric- 
ally programmable ROM. This device is packaged in a 40-pin, dual- 
in-line package with transparent lid. The transparent lid allows the 
memory content to be erased with ultraviolet light, whereby a new 
pattern can then be written into the device. 



bFEATURES 

• Single Power Supply: +5V ± 5% 

• High Performance Program Mode and High Performance Word 
Program Mode 

Program Voltage: +12.5V DC 

High Performance Programming Available 

• Static: No Clocks Required 

• Inputs and Outputs TTL Compatible During Both Read and 
Program 

• Access Time: 150ns max. (HN27C1024G-15) 

200ns max. (HN27C1024G-20) 

• Low power Dissipation: 50mW/MHz typ. (Active Mode) 

5juw typ. (Stand-by Mode) 

■BLOCK diagram 



IPIN ARRANGEMENT 



1024X1024 
Memory Matrix 



■t 



33? 




^ 



l,, II 




53 wc 


CL U 




D PGM 


»,. E 




H NC 


<>M E 




E A,S 


o„E 




U Am 


o„ E 




1 A,. 


On E 




SI A» 


(),« E 




1 An 


o, E 




1 Aw 


<k 01 




ID A, 


GND in 




D GND 


0: H 




1 As 


Oe GS 




1 A; 


Os III 




H) A. 


04 H 




U As 


Os E 




D A4 


2 HI 




M A3 


0, 1 




M A2 


oo in 




U Ai 


61 11 




D Ao 



(Top View) 



°~t^x H >o. 



|!j>o '■ High Threshold Inverter 
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HN27C101G Series 



Preliminary 



131072-word X 8-bit CMOS U.V. Erasable and Programmable ROM 

■ FEATURES 

• Single Power Supply +5V ±5% 

• High Performance Program Mode and High Performance 
Page Program Mode Program Voltage: +12.5V DC 

High Performance Programming Available 

• Static No Clocks Required 

• Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 

• Access Time 200ns max. (HN27C101G-20) 

250ns max. (HN27C101G-25) 

• Low power Dissipation . . 50mW/MHz typ. (Active Mode) 

5juWtyp. (Standby Mode) 

• Pin Arrangement 32 Pin JEDEC Standard 

• Device Identifier Maker code and Device code 

■ BLOCK DIAGRAM 



A-,- 

Ah 

Au 

\ 

Ai.,« 

I On, 



■3= 



CE 

OE 

PGM 

I'm 

In 
IV 



1024^1024 
MEMORY 
MATRIX 



n 



Y DECODER 



E? 






# 



►»• HIGH THRESHOLD 
INVERTER 




■ MODE SELECTION 



Note) X : Don't care 
* 30 pin should be connected to 32 pin. 
V H : 12.0V±0.5V 



(Top View) 



^~^ — Pins 

Mode -^^ 


CE 

(22) 


OE 

(24) 


PGM 

(31) 


A9 
(26) 


Vpp 

(1) 


Vac 

(32) 


Outputs 
(13-15,17-21) 


Read 


Vjl 


VlL 


Vm 


X 


v C c 


v C c 


Dout 


Output Disable 


VlL 


Vm 


Vih 


X 


v C c 


V C c 


HighZ 


Standby 


VlH 


X 


X 


X 


v C c 


V C c 


HighZ 


Program 


VlL 


VlH 


VlL 


X 


Vpp 


v C c 


Din 


Program Verify 


VlL 


VlL 


Vm 


X 


Vpp 


Vcc 


Dout 


Page Data Latch 


VlH 


VlL 


Vih 


X 


Vpp 


v C c 


Din 


Page Program 


VlH 


VlH 


Vil 


X 


Vpp 


v C c 


HighZ 




VlL 


VlL 


Vjl 


X 


Vpp 


Vcc 




Program Inhibit 


VlL 


VlH 


Vm 


HighZ 


VlH 


VlL 


Vil 




Vm 


VlH 


Vm 




Identifier 


VlL 


VlL 


Vih 


v H 


v C c 


Vcc 


Code 



Note) 

The specifications of this device 
are subject to change without notice. 
Please contact your nearest Hitachi's 
Sales Dept. regarding specifications. 
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HN27C1 01 G Series - 



■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


All Input and Output Voltages* 


Vln. Vout 


-1.0** to +7.0 


V 


V PP Voltage* 


V P P 


-0.6 to +13.0 


V 


V cc Voltage* 


Vcc 


-0.6 to +7.0 


V 


Voltage on Pin 26 (A9)* 


VlD 


-0.6 to +13.5 


V 


Operating Temperature Range 


*opr 


to +70 


°C 


Storage Temperature Range 


T stg 


-65 to +125 


°C 


Storage Temperature Range Under Bias 


Tbias 


-10 to +80 


°C 



* with respect to GND ** Pulse Width: 50ns, DC: V IL min = -0.6V 
■ READ OPERATION 
• DC CHARACTERISTICS (T a = to +70°C, V C c = $V ±5%, K/>/>=K C c) 



Parameter 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


iu 


K fn =5.25V 


- 


- 


2 


MA 


Output Leakage Current 


Ilo 


K OU ,=5.25V/0.45V 


- 


- 


2 


ma 


Vpp Current 


hpi 


K PP =5.5V 


- 


1 


20 


ma 


Vcc Current 


l SBl 


CE=K /H 


- 


- 


1 


mA 


hB2 


CE=K CC ±0.3V 


- 


1 


20 


MA 




l CCl 


CE=V IL J out = 0mA 


- 


- 


30 


mA 


Vcc Current 


l CC2 


/=5MHz,/ ou ,=0mA 


- 


- 


30 


mA 




J CC3 


/=lMHz,/ OM ,=0mA 


- 


- 


15 


mA 


Input Low Voltage 


ViL 




-1.0* 


- 


0.8 


V 


Input High Voltage 


VlH** 




2.2 


- 


Vcc+1 


V 


Output Low Voltage 


Vol 


/ L ss 2.1mA 


- 


- 


0.45 


V 


Output High Voltage 


Vqh 


/qh= -400mA 


2.4 


- 


- 


V 



* Pulse Width: 50ns, DC: V IL min=-0.3V ** Mode may be unfixed: V IH =V CC +1~11.5V 

• AC CHARACTERISTICS (T a =0 to +70°C, F CC =5V ±5%, V PP =V C c) 





Symbol 


Test Conditions 


HN27C101G-20 


HN27C101G-25 


Unit 




min. 


max. 


min. 


max. 


Address to Output Delay 


*ACC 


CE = OE = V IL 


- 


200 


- 


250 


ns 


CE to Output Delay 


*CE 


OE=K /L 


- 


200 


- 


250 


ns 


OE to Output Delay 


tQE 


CE-K /L 


10 


70 


10 


100 


ns 


OE High to Output Float 


l DF 


CE=K /L 





50 





60 


ns 


Address to Output Hold 


tQH 


CE = OE = V IL 





- 





- 


ns 



Note) t DF defines the time at which the Output achieves the open circuit condition and Data is no longer driven. 

• SWITCHING CHARACTERISTICS 

• Test Condition Input Pulse Levels: 0.45V to 2.4V 

Input Rise and Fall Time: ^20ns 

Output Load : 1 TTL Gate + 1 0OpF 

Reference Levels for Measuring Timing: Inputs; 0.8V and 2.0V 

Outputs; 0.8V and 2.0V 
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HN27C1 01 G Series 



Address 
CE- 

0E- 
Data Out- 



Standby 
Mode 



\ Active Mode { Standby Mode 



\ 



/ 



tOH 



4<4fj; Data Out Valid ""^ 



e CAPACITANCE ( 


7i = 25°C 


,/=lMHz) 












Parameter 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Input Capacitance 


Ctn 


V in = OV 


- 


- 


10 


pF 


Output Capacitance 


C out 


Vout = OV 


- 


- 


15 


P F 



■ DEVICE IDENTIFIER MODE 

The Identifier Mode allows the reading out of binary codes, that identify manufacturer and type of device, 
from outputs of EPROM. By this mode, the device will be automatically matched its own corresponding 
programming algorithm, using programming equipment. 
e HN27C101 IDENTIFIER CODES 



Identifier^^--^^ 


AO 
(12) 


07 
(21) 


06 

(20) 


05 

(19) 


04 

(18) 


03 

(17) 


02 
(15) 


01 

(14) 


00 
(13) 


Hex 
Data 


Manufacturer Code 


Vjl 

















1 


1 


1 


07 


Device Code 


Vih 








1 


1 


1 
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Notes: 1. A, = 12.0V ±0.5 V 

2. A,~A 8 ,A 10 ~A ltf ,CE,OE=K /L , PGM=F J// 

■ HIGH PERFORMANCE PROGRAMMING 

This device can be applied the High Performance Pro- 
gramming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming time 
without any voltage stress to the device nor deteriora- 
tion in reliability of programmed data. 



(start) 



SET PROG./VERIFY MODE 
V>r=12.5V±0.3V Vcc=6.0V±0.25V 



| Address =0~| 



] 



n + 1— n 

I 



I Program //>n=lms±5% J ^=2& 




I CO 
END ^ 
High Performance Programming Flowchart 



Qfml^ 
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• DC PROGRAMMING CHARACTERISTICS (r a =25°C ±5°C, V C C= 


6V±0.25V, V PP = 


12.5V ±C 


>.3V) 


Parameter 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


Iu 


K /n = 6.25V/0.45V 


- 


- 


2 


mA 


Output Low Voltage during Verify 


Vol 


I OL = 2.1mA 


- 


- 


0.45 


V 


Output High Voltage during Verify 


Voh 


I OH = -400mA 


2.4 


- 


- 


V 


Vqq Current (Active) 


Ice 




- 


- 


30 


mA 


Input Low Level 


VlL 




-0.1 


- 


0.8 


V 


Input High Level 


V JH 




2.2 


- 


v C c 


V 


Vpp Supply Current 


I PP 


CE = PGM=K /L 


- 


- 


40 


mA 



Notes) 1 . Vqq must be applied before Vpp and removed after Vpp. 

2. Vpp must not exceed 13V including overshoot. 

3. An influence may be had upon device reliability if the device is installed or removed while Vpp= 12.5V. 

4. Do not alter Vpp either V JL to 12.5V or 12.5V to V IL when CE = Low. 



• AC PROGRAMMING CHARACTERISTICS 

(7i=25°C ±5°C, K C c=6V ±0.25V, K/>/>=12.5V ±0.3V) 



Parameter 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Address Setup Time 


Us 




2 


- 


- 


us 


OE Setup Time 


x OES 




2 


- 


- 


us 


Data Setup Time 


f DS 




2 


- 


- 


MS 


Address Hold Time 


*AH 







- 


- 


MS 


Data Hold Time 


*DH 




2 


- 


- 


Ms 


OE to Output Float Delay 


f DF* 







- 


130 


ns 


Vpp Setup Time 


*VPS 




2 


- 


- 


MS 


Vqq Setup Time 


*VCS 




2 


- 


- 


MS 


PGM Pulse Width during Initial Programming 


*PW 




0.95 


1.0 


1.05 


ms 


PGM Pulse Width during Overprogramming 


topw** 




2.85 


- 


78.75 


ms 


CE Setup Time 


*CES 




2 


- 


- 


MS 


Data Valid from OE 


*OE 







- 


150 


ns 



* tjyp defines the time at which the output acheives the open circuit condition and data is no longer driven. 
** *opw " defined as mentioned in flowchart. 
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■ SWITCHING CHARACTERISTICS 

Input Pulse Levels: 0.45V to 2.4V 

Input Rise and Fall Time: ^ 20ns 

Reference Levels for Measurement Inputs; 0.8V and 2.0V 

Timing : Outputs; 0.8V and 2.0V 



Address 



Vcc 



Vcc 

Vcc 
Vcc 



PGM 
OE 



X 



Program 



Data / Data In Stable \ 

m tr. 

/ tVi 



/ tvcs 



CE \ 



K/ 



tOES 



Program Verify 



KZ 



tAH 



< 



tOE 



Data Out Valid 



\ / 



> 



■ HIGH PERFORMANCE PAGE PROGRAMMING 

This device can be applied the High Performance Programming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 
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C START) 



SET PAGE PROGRAM LATCH MODE 
V/./'=12.5V±0.3V, V« =6.0V±0.25V 



| Address = Q | 



| Latch | 

| Address + 1— » Address { 

| Latch J 

I Address + l-*Address I 
1 I .1 

fTatch | 
I Address + 1— ^Address I 

pLatcI"! 



SET PAGE PROG./VERIFY MODE 
V/-/' = 12.5V±0.3V, Vcr=6.0V±0.25V 

C 



| Program fam = lms±5% | 
I Address+1— ►Address I — <"- T> 




NOGO 



( END ) 

High Performance Page Programming Flowchart 



NO 



YES 




C FAIL ) 

• DC PROGRAMMING CHARACTERISTICS (T a =25°C ±5°C, F C c=6V ±0.25V, V PP =\2.5V ±0.3V) 



Parameter 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


Ili 


K In =6.25V/0.45V 


- 


- 


2 


mA 


Output Low Voltage during Verify 


Vol 


I OL = 2.1mA 


- 


- 


0.45 


V 


Output High Voltage during Verify 


Voh 


7 O h=-400mA 


2.4 


- 


- 


V 


Vcc Current (Active) 


Ice 




- 


- 


30 


mA 


Input Low Level 


VlL 




-0.1 


- 


0.8 


V 


Input High Level 


VlH 




2.2 


- 


Vcc 


V 


Vpp Supply Current 


Ipp 


CE=OE=K/ // ,PGM=K /J r / 


- 


- 


50 


mA 



Notes) 1 . Vcc must De applied before Vpp and removed after Vpp. 

2. Vpp must not exceed 1 3 V including overshoot. 

3. An influence may be had upon device reliability if the device is installed or removed while Vp P =12.5V. 

4. Do not alter Vpp either V IL to 12,5V or 12.5V to V IL when CE=Low. 
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AC PROGRAMMING CHARACTERISTICS 

(7i=25°C ±5°C, K CC =6V ±0.25V, *>/>=12.5V ±0.3V) 



Parameter 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Address Setup Time 


Us 




2 


- 


- 


MS 


OE Setup Time 


f OES 




2 


- 


- 


/us 


Data Setup Time 


f DS 




2 


- 


- 


MS 


Adress Hold Time 


Uh 







- 


- 


MS 




*AHL 




2 


- 


- 


MS 


Data Hold Time 


l DH 




2 


- 


- 


MS 


OE to Output Float Delay 


t DF * 







- 


130 


ns 


Vpp Setup Time 


f VPS 




2 


- 


- 


MS 


Vqc Setup Time 


*VCS 




2 


- 


- 


MS 


PGM Pulse Width during Initial Programming 


tpw 




0.95 


1.0 


1.05 


ms 


PGM Pulse Width during Over programming 


topw** 




2.85 


- 


78.75 


ms 


CE Setup Time 


tCES 




2 


- 


- 


MS 


Data Valid from OE 


tOE 







- 


150 


ns 


OE Pulse Width during Data Latch 


tLW 




1 


- 


- 


MS 


PGM Setup Time 


tPGMS 




2 


- 


- 


MS 


CE Hold Time 


*CEH 




2 


- 


- 


MS 


OE Hold Time 


tQEH 




2 


- 


- 


MS 



* tup defines the time at which the output acheives the open circuit condition and data is no longer driven. 
** *OPW * s defined as mentioned in flowchart. 

• SWITCHING CHARACTERISTICS 

• Test Condition Input Pulse Levels: 0.45V to 2.4V 

Input Rise and Fall Time: ^ 20ns 

Reference Levels for Measuring Timing: Inputs; 0.8V and 2.0V 

Outputs; 0.8V and 2.0V 

Page Data Latch Page Program Program Verify 

A2--A16 X 

Ao, A,23[ 




PGM 
OE 



oE—yTVAAA/ UA/ltAJ^ 



■ ERASE 

Erasure of HN27C101G is performed by exposure to ultraviolet light of 2537 A and all the 
output data are changed to "1" after this erasure procedure. The minimum integrated dose 
(i.e. UV intensity x exposure time) for erasure is 15W. sec/cm 2 
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Preliminary 



131072-word X 8-bit CMOS U.V. Erasable and Programmable ROM 

■ FEATURES 

• Single Power Supply +5V ±5% 

• High Performance Program Mode and High Performance 
Page Program Mode Program Voltage: +12.5V DC 

High Performance Programming Available 

• Static No Clocks Required 

• Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 

• Access Time 200ns max. (HN27C301G-20) 

250ns max. (HN27C301G-25) 

• Low power Dissipation . . 50mW/MHz typ. (Active Mode) 

5jLtW typ. (Standby Mode) 

• Pin Compatible with 1Mbit MASK ROM (28pin type) 

• Device identifier Mode Maker Code and Device code 

■ BLOCK DIAGRAM 




■ PIN ARRANGEMENT 



Aso- 
l 

A9 



I/Ooo 

1/07 



1024X1024 
MEMORY 
MATRIX 



3^ 



CE 

OE 

PGM 

Vcc 

**— t**J 

Vsso 



Y-DECODER 



E? 



ff 



fr° : HIGH THRESHOLD 
INVERTER 



Vpp\T_ 

oeU 

AnGE 
AiifT 
AtU 
A,Q[ 
A, [7 
Ai|T 
At[T 
AjQo 
AiQT 
A0Q2 
O0Q3 
OiQT 
O2Q5 
GNDQe 



32]V r (( 

31] PGM 
3o|NC 
29] An 

28]An 

27] As 
26] Am 

25] An 
24] An, 
23jAl» 

m ce 

mo? 

20] 0., 

mo-. 

m°» 
nio, 



■ MODE SELECTION 



(Top View) 



^~\^^ Pins 
Mode ^^-^^ 


CE 

(22) 


OE 

(2) 


PGM 

(31) 


A9 


Vpp 
(1) 


Vcc 
(32,30)* 


Outputs 
(13-15,17-21) 


Read 


VlL 


VlL 


Vm 


X 


Vcc 


v C c 


Dout 


Output Disable 


VlL 


VlH 


Vm 


X 


Vcc 


Vcc 


HighZ 


Standby 


Vm 


X 


X 


X 


Vcc 


Vcc 


HighZ 


Program 


VlL 


VlH 


VlL 


X 


Vpp 


v C c 


Din 


Program Verify 


VlL 


VlL 


VlH 


X 


Vpp 


Vcc 


Dout 


Page Data Latch 


VlH 


VlL 


VlH 


X 


Vpp 


v C c 


Din 


Page Program 


Vm 


Vm 


VlL 


X 


Vpp 


v C c 


HighZ 




VlL 


VlL 


VlL 


X 


Vpp 


v C c 




Program Inhibit 


VlL 


Vm 


VlH 


HighZ 


VlH 


VlL 


VlL 




VlH 


Vm 


VlH 




Identifier 


VlL 


VlL 


VlH 


v H 


Vcc 


v C c 


Code 



Note) X : Don't care 
* 30 pin should be 

connected to 32 pin. 

Vh' 12.0V±0.5V 



Note) 

The specifications of 

this device are subject 

to change without 

notice. 

Please contact your 

nearest Hitachi's 

Sales Dept. regarding 

specifications. 
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■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


All Input and Output Voltages'" 


Vtn* Vout 


-1.0** to +7.0 


V 


Vp P Voltage* 


Vpp 


-0.6 to +13.0 


V 


V cc Voltage* 


Vcc 


-0.6 to +7.0 


V 


Voltage on Pin 26 (A9)* 


VlD 


-0.6-+13.5 


V 


Operating Temperature Range 


'opr 


to +70 


°c 


Storage Temperature Range 


T *tg 


-65 to +125 


°c 


Storage Temperature Range Under Bias 


Tbiaa 


-10 to +80 


°c 



* with respect to GND ♦* Pulse Width: 50ns, DC: V IL min = -0.6V 
■ READ OPERATION 
• DC CHARACTERISTICS (T a = to +70°C, K C c=5V ±5%, V PP =V C c) 



Parameter 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


lu 


K /n =5.25V 


- 


- 


2 


MA 


Output Leakage Current 


Ilo 


P OM ,=5.25V/0.45V 


- 


- 


2 


ma 


Vpp Current 


hpi 


*> P =5.5V 


- 


1 


20 


ma 


V c c Current 


! SB1 


CE'VlH 


- 


- 


1 


mA 


J SB2 


CE=K CC ±0.3V 


- 


1 


20 


MA 




hci 


CE=V IL ,I out =0mA 


- 


- 


30 


mA 


Vcc Current 


ICC2 


/=5MHz,/ ou ,=0mA 


- 


- 


30 


mA 




l CC3 


/=lMHz,/ ou ,=0mA 


- 


- 


15 


mA 


Input Low Voltage 


VlL 




-1.0* 


- 


0.8 


V 


Input High Voltage 


VIH** 




2.2 


- 


Vcc* 


V 


Output Low Voltage 


Vol 


/ L = 2.1mA 


- 


- 


0.45 


V 


Output High Voltage 


Vqh 


/ O h=-400mA 


2.4 


- 


- 


V 



♦ Pulse Width: 50ns, DC: V IL min=-0.3V ** Mode may be unfixed: Fj#=F<;c+l~l 1.5V 

• AC CHARACTERISTICS (T a =0 to +70°C, K CC =5V ±5%, V PP =V C c) 





Symbol 


Test Conditions 


HN27C301G-20 


HN27C301G-25 


Unit 




min. 


max. 


min. 


max. 


Address to Output Delay 


*ACC 


CE = OE = V lL 


- 


200 


- 


250 


ns 


CE to Output Delay 


l CE 


OE=K /L 


- 


200 


- 


250 


ns 


OE to Output Delay 


*OE 


CE=^/L 


10 


70 


10 


100 


ns 


OE High to Output Float 


l DF 


CE=K /L 





50 





60 


ns 


Address to Output Hold 


t OH 


CE = OE = V 1L 





- 





- 


ns 



Note) t£f F defines the time at which the Output achieves the open circuit condition and Data is no longer driven. 

• SWITCHING CHARACTERISTICS 

• Test Condition Input Pulse Levels: 0.45V to 2.4V 

Input Rise and Fall Time: ^ 20ns 

Output Load : 1 TTL Gate + 1 0OpF 

Reference Levels for Measuring Timing: Inputs; 0.8V and 2.0V 

Outputs; 0.8V and 2.0V 
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Address 
CE- 

OE- 
Data Out- 



y: 



Standby 
Mode 



\ 



\ Active Mode } ( Standby Mode 



f 



ffff ^ Data Out Valid "] $} 



• CAPACITANCE (7i=25°C,/=lMHz) 



Parameter 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Input Capacitance 


C in 


Vm-OV 


- 


- 


10 


pF 


Output Capacitance 


Cout 


V O ut=0V 


- 


- 


15 


pF 



■ DEVICE IDENTIFIER MODE 

The Identifier Mode allows the reading out of binary codes, that identify manufacturer and type of device, 
from outputs of EPROM. By this mode, the device will be automatically matched its own corresponding 
programming algorithm, using programming equipment. 

• HN27C301 IDENTIFIER CODES 



^^--^^^ Pins 

Identifier ■ — ^_ 


A0 
(12) 


07 

(21) 


06 

(20) 


05 

(19) 


04 

(18) 


03 

(17) 


02 

(15) 


01 

(14) 


00 
(13) 


Hex 
Data 


Manufacturer Code 


Vil 

















1 


1 


1 


07 


Device Code 


Vm 


1 





1 


1 


1 








1 


B9 



Notes: 1. A 9 =12.0V ±0.5V 

2. Aj-A,, A, ~A 1# , CE,OE=F /L , PGM= V IH 

■ HIGH PERFORMANCE PROGRAMMING 

This device can be applied the High Performance Pro- 
gramming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming time 
without any voltage stress to the device nor deteriora- 
tion in reliability of programmed data. 




GO 
END ^ 
High Performance IVugrdmrninK Flowchart 



(fail) 
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• DC PROGRAMMING CHARACTERISTICS (r fl =25°C ±5°C, K C c=6V ±0.25V, V PP = 12.5V ±0.3V) 



Parameter 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


In 


V ir r 6.25V/0.45V 


- 


- 


2 


MA 


Output Low Voltage during Verify 


Vol 


I OL = 2.1mA 


- 


- 


0.45 


V 


Output High Voltage during Verify 


Voh 


I OH = -400mA 


2.4 


- 


- 


V 


Vcc Current (Active) 


Ice 




- 


- 


30 


mA 


Input Low Level 


VlL 




-0.1 


- 


0.8 


V 


Input High Level 


Vm 




2.2 


- 


Vcc 


V 


Vpp Supply Current 


I PP 


CE = PGM=K /L 


- 


- 


40 


mA 



Notes) 1 . Vcc must De applied before Vpp and removed after Vpp. 

2. Vpp must not exceed 13V including overshoot. 

3. An influence may be had upon device reliability if the device is installed or removed while V P p=\2.SV. 

4. Do not alter Vpp either V JL to 12.5V or 12.5V to V IL when CE = Low. 



• AC PROGRAMMING CHARACTERISTICS 

(7i=25°C ±5°C, Vcc=W ±0.25V, K/>/>=12.5V ±0.3V) 



Parameter 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Address Setup Time 


Us 




2 


- 


- 


MS 


OE Setup Time 


f OES 




2 


- 


- 


MS 


Data Setup Time 


f DS 




2 


- 


- 


MS 


Address Hold Time 


Uh 







- 


- 


MS 


Data Hold Time 


*DH 




2 


- 


- 


MS 


OE to Output Float Delay 


t DF * 







- 


130 


ns 


Vpp Setup Time 


typs 




2 


- 


- 


MS 


V C c Setu P Time 


tves 




2 


- 


- 


MS 


PGM Pulse Width during Initial Programming 


f PW 




0.95 


1.0 


1.05 


ms 


PGM Pulse Width during Overprogramming 


t pw** 




2.85 


- 


78.75 


ms 


CE Setup Time 


f CES 




2 


- 


- 


MS 


Data Valid from OE 


f OE 







- 


150 


ns 



* tDF defines the time at which the output acheives the open circuit condition and data is no longer driven. 
** f OPW is defined as mentioned in flowchart. 
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■ SWITCHING CHARACTERISTICS 

Input Pulse Levels: 0.45V to 2.4V 

Input Rise and Fall Time: ^ 20ns 

Reference Levels for Measurement Inputs; 0.8V and 2.0V 

Timing: Outputs; 0.8V and 2.0V 



Address 



Vpp 



Vpp 



Vcc- 



Vcc 



Vcc + 
Vcc- 



PGM 
OE ■ 



X 



Program 



Data y Data In Stable V 



-/ tVl'k 



IX 



CE \ 



K/ 



t!)H 



tl'M 



Program Verify 



KZ 



< 



t()E 



Data Out Valid 



\ / 



> 



546 



^HITACHI 

Hitachi America Ltd. • 2210 OToole Avenue • San Jose, CA 95131 • (408) 435-8300 



HN27C301G Series 



■ HIGH PERFORMANCE PAGE PROGRAMMING 

This device can be applied the High Performance Programming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 



Q start) 



SET PAGE PROGRAM LATCH MODE 
V/'/< = 12.5V±0.3V. Vtt =6.0V±0.25V 



| Address = | 



I Latch I 



| Address -H— » Address j 

| Latch J 
I Address + 1 — ^Address I 

[""Latch | 
I Address + 1— ^Address J 

I Latch I 



| n-Hl—n | 



SET PAGE PROG./VERIFY MODE 
V/'/' = 12.5V±0.3V, Vet =6.0V±0.25V 



Address + 1—» Address 



| Program fnt = lms±5% | 
NOGO 




NOGO 



C END ) 

High Performance Page Programming Flowchart 



NO 



YES 




C FAIL ) 



I 
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• DC PROGRAMMING CHARACTERISTICS (r tf =25°C ±5°C, K C c=6V ±0.25V, K/>/>=l2.5V ±0.3V) 



Parameter 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


Ili 


V ir r 6.25V/0.45V 


- 


- 


2 


MA 


Output Low Voltage during Verify 


Vol 


I OL = 2.1mA 


- 


- 


0.45 


V 


Output High Voltage during Verify 


Voh 


I OH" -400M 


2.4 


- 


- 


V 


Vcc Current (Active) 


ice 




- 


- 


30 


mA 


Input Low Level 


VlL 




-0.1 


~ 


0.8 


V 


Input High Level 


VlH 




2.2 


- 


Vcc 


V 


Vpp Supply Current 


Ipp 


CE»OE«K w ,PGM-K /L 


- 


- 


50 


mA 



Notes) 1 . Vcc must be applied before Vpp and removed after Vpp. 

2. Vpp must not exceed 1 3 V including overshoot. 

3. An influence may be had upon device reliability if the device is installed or removed while Vpp=l2.5V. 

4. Do not alter Vpp either V IL to 12.5V or 12.5V to V IL when CE=Low. 

• AC PROGRAMMING CHARACTERISTICS (High Performance Page Programming) 

(r tf =25°C ±5°C, Vcc=W ±0.25V, K/> P =12.5V ±0.3V) 



Parameter 


Symbol 


Test Conditions 


min. 


typ. 


max. 


Unit 


Address Setup Time 


Us 




2 


- 


- 


MS 


OE Setup Time 


*OES 




2 


- 


- 


MS 


Data Setup Time 


f DS 




2 


- 


- 


MS 


Adress Hold Time 


Uh 







- 


- 


MS 




f AHL 




2 


- 


- 


MS 


Data Hold Time 


{ DH 




2 


- 


- 


MS 


OE to Output Float Delay 


t DF* 









' 130 


ns 


Vpp Setup Time 


*VPS 




2 


- 


- 


MS 


Vcc Setup Time 


f vcs 




2 


- 


- 


MS 


PGM Pulse Width during Initial Programming 


f PW 




0.95 


1.0 


1.05 


ms 


PGM Pulse Width during Overprogramming 


topw** 




2.85 


- 


78.75 


ms 


CE Setup Time 


*CES 




2 


- 


- 


MS 


Data Valid from OE 


*OE 







- 


150 


ns 


OE Pulse Width during Data Latch 


tLW 




1 


- 


- 


MS 


PGM Setup Time 


tPGMS 


- 


2 


- 


- 


MS 


CE Hold Time 


*CEH 




2 


- 


- 


MS 


Of Hold Time 


*OEH 




2 


- 


- 


MS 



* tj)p defines the time at which the output acheives the open circuit condition and data is no longer driven. 
** *OPW i s defined as mentioned in flowchart. 



548 



HITACHI 

Hitachi America Ltd. • 2210 OToole Avenue • San Jose, CA 95131 



(408) 435-8300 



-HN27C301G Series 



• SWITCHING CHARACTERISTICS 

• Test Condition Input Pulse Levels: 0.45V to 2.4V 

Input Rise and Fall Time: ^20ns 

Reference Levels for Measuring Timing: Inputs; 0.8V and 2.0V 

Outputs; 0.8V and 2.0V 



A 2 ~Aio ¥ 



Page Data Latch Page Program Program Verify 



"^-'m'"' 1 



Dat 






CE 



PGM 
OE 



Jfrxzxzxzr 

"' V . XT \J" H li' ^ 



i Out Vali 



-tt 



'C^ 



M~ yr \r\r\j vr^nj/^j 




m ERASE 

Erasure of HN27C301G is performed by exposure to ultraviolet light of 2537 A and all the 
output data are changed to "1" after this erasure procedure. The minimum integrated dose 
(i.e. UV intensity x exposure time) for erasure is 15W. sec/cm 2 
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HNS8064P Series 



8192-word x 8-bit Electrically Erasable and Programmable ROM. 

■ FEATURES 

• Single 5V Supply 

• Address, Data, CE, OE Latches 

• Byte Erase / Byte Write Time 10 ms typ. 

• Chip Erase Time 20 ms typ. 

• Fast Access Time 250 ns max. / 300 ns 

max. 

• Low Power Dissipation 300 mW typ. 

(Active) 

125 mW typ. 

(Standby) 

• Comforms to JEDEC Byte-Wide Standard 

• Reliable N-channel MNOS Technology 

• 10000 Erase/Write Cycles 



■ BLOCK DIAGRAM 



Vc< < 

v„ < 



High Voltage 
Generator 



I/OO 



1/07 



UE 



CE 
WE 



n 



Erase, Write, Powerdown 
Control Logic 

e: 




1---1 



I/O Buffer 

and 
Input Latch 



o 



Y 
Decoder 



Y Gating 



O 



X 

Decoder 



Memory 

Array 
(256X256) 



■ MODE SELECTION 



^\^ PINS 


CE (20) 


OE (22) 


WE (27) 


1/0(11-13, 


15-19) 


Read 


Vil 


Vil 


Vm 


Dout 


Standby 


Vm 


X 


X 


HighZ 


Byte Erase 


Vil 


Vm 


Vil 


Din = Vm 


Byte Write 


vil 


Vm 


Vil 


Din 


Chip Erase 


Vil 


Vil 


Vil 


Din = Vm 


Deselect 


Vil 


Vm 


Vih 


HighZ 




PIN ARRANGEMENT 




(Top View) 



A0 ~ A1 2 


Address Input 


I/O0 - l/t>7 


Data in / Data out 


OE 


Output Enable 


CE 


Chip Enable 


We 


Write Enable 


Vcc 


Power (+5V) 


Vss 


GND 


NC 


No connect 



X:K /H orK /L 
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HN58064P Series 



■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage* 


Vcc 


-0.6 to +7.0 


V 


Input Voltage* 


Vin 


-0.6 to +7.0 


V 


Operating 

Temperature Range 


Topr 


to +70 


°C 


Storage 
Temperature Range 


T*tg 


-55 to +125 


°C 



* With Respect to V ss 



■ RECOMMENDED DC OPERATING CONDITIONS 



Item 


Symbol 


min 


typ 


max 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Input Voltage 


VlL 


-0.1 


- 


0.8 


V 


Vm 


2.0 


- 


V C C+1 


V 


Operating 
Temperature 


Topr 





- 


70 


°c 



■ DC AND OPERATING CHARACTERISTICS (Ta = 0~70°C, V C c = 5V ±10%) 



Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Leakage Current 


ILI 


V C C= 5.5V, V in = 5.5V 


- 


- 


10 


MA 


Output Leakage Current 


lLO 


V C C = 5.5V, V out =S.S/0AV 


- 


- 


10 


ma 


Vcc Current (Standby) 


J cc\ 


CE=K 7// 


- 


25 


40 


mA 


Vcc Current (Active) 


l CC2 


CE=V IL 


- 


60 


100 


mA 


Input Low Voltage 


VlL 




-0.1 


- 


0.8 


V 


Input High Voltage 


VlH 




2.0 


- 


vcc+i 


V 


Output Low Voltage 


vol 


lOL = 2.1 mA 


- 


- 


0.4 


V 


Output High Voltage 


VOH 


lOH = -4°° MA 


2.4 


- 


- 


V 



■ CAPACITANCE (Ta = 25°C,/= 1MHz) 



Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


Cm 


V in = 0V 


- 


- 


6 


pF 


Output Capacitance 


Cout 


Vout = 0V 


- 


- 


12 


pF 



■ AC TEST CONDITIONS 

Input Pulse Levels: 
Input Rise and Fall Time: 
Output Load: 



0.4V to 2.4V 

g 20ns 

1TTLGate + 100pF 



Reference Level for Measuring Timing: 0.8V and 2.0V 
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HN58064P Series - 



AC CHARACTERISTICS (T a = ~ +70°C, V CC = 5V ± 10%) 
READ OPERATION 



Parameter 


Symbol 


Test Condition 


HN58064P-25 


HN58064P-30 


Unit 


min. 


max. 


min. 


max. 


Address to Output Delay 


*ACC 


CE = OE=K /jL ,WE = V m 


- 


250 


- 


300 


ns 


CE to Output Delay 


tCE 


CE=V IL m=V IH 


- 


250 


- 


300 


ns 


OE to Output Delay 


(OE 


CE=V ILt ~m=V IH 


- 


100 


- 


150 


ns 


Address to Output Hold 


*OH 


CE = OE= K//,,WE = Vf H 





- 





- 


ns 


OE High to Output Float 


tDF 


CE=V ILt WE=V IH 





90 





130 


ns 



e WAVE FORM READ CYCLE 



























dress 


> 


; x 






' ACC 






t OH 
























CE 




\ 


\ 


7 


/ 






'CE 


/ 














m 


High 


\ 


\ 


/ 

tDF 






tOE 








































<&<: 


v 


-* : 


1 


^ 








^k 


>/ 



















552 



^ HITACHI 

Hitachi America Ltd. • 2210 OToole Avenue • San Jose, CA 95131 



(408) 435-8300 



-HN58064P Series 



e BYTE ERASE AND BYTE WRITE OPERATION 








Parameter 


Symbol 


Test 
Condition 


min 


typ 


max 


Unit 


Address Setup Time 


tAS 







- 


- 


ns 


Address Hold Time 


tAH 




100 


- 


- 


ns 


CE Setup Time 


tCES 







- 


- 


ns 


CE Hold Time 


tCEH 




100 


- 


- 


ns 


OE Setup Time 


tOES 







- 


- 


ns 


OE Hold Time 


tOEH 




100 


- 


- 


ns 


WE Pulse Width 


tWEPl 




8 


10 


15 


ms 


WE High Time 


tWEH 




1000 


- 


- 


ns 


Data Setup Time 


tDS 







- 


- 


ns 


Data Hold Time 


tDH 




100 


- 


- 


ns 



e WAVE FORM ERASE AND WRITE CYCLE 



'Si 



(Note 2) 
Data 



< 



X 



/W77?, 




/ 




Data in 
Stable 



> 



Note 1) CE or OE should be "1" and in Standby Mode or Deselect Mode before Write/Erase operation. 
Note 2) I/O to I/O, must be "1" in Byte Erase. 
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HN58064P Series - 



• CHIP ERASE OPERATION 



Parameter 


Symbol 


Test 
Condition 


min 


typ 


max 


Unit 


CE Setup Time 


tCES 







- 


- 


ns 


CE Hold Time 


tCEH 




100 


- 


- 


ns 


OE Setup Time 


tOES 







- 


50 


ns 


OE Hold Time 


tOEH 




100 


- 


- 


ns 


WE Pulse Width 


tWEP2 




15 


20 


25 


ms 


WE High Time 


tWEH 




1000 


- 


- 


ns 


Data Setup Time 


tDS 







- 


- 


ns 


Data Hold Time 


tDH 




100 


- 


- 


ns 



♦ WAVEFORM CHIP ERASE I 



^ 



Si 



\ 




/ 



Note 3) CE or OE should be "1 " and in Standby Mode or Deselect Mode before Chip Erase operation. 
Note 4) I/O to I/0 7 must be "1" in Chip Erase operation. 

Note 5) Don't Care about Address. 
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HN58064P Series 



• CHIP ERASE OPERATION 


II 












Parameter 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


CE Hold Time 


tCEH 




100 


- 


- 


ns 


OE Setup Time 


*OES 







- 


- 


ns 


OE Hold Time 


*OEH 




100 


- 


- 


ns 


WE Setup Time 


tws 







- 


- 


ns 


WE Pulse Width 


tWH 




15 


20 


25 


ms 


WE High Time 


tWEH 




1000 


- 


- 


ns 


Data Setup Time 


*DS 







- 


- 


ns 


Data Hold Time 


*DH 




100 


- 


- 


ns 



• WAVE FORM CHIP ERASE II 



\ 



OE 



WE 



% 



_^ 



Ids _ tow 




A 



Z 




\ 



Note 6) I/O ~ 7 must be "1 " in Chip Erase Operation. 
Note 7) Don't Care about Address. 
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HNS8C65P Series 



-Preliminary 



8192-word x 8-bit Electrically Erasable and Programmable CMOS ROM 



■ FEATURES 

• Single 5V Supply 

• On Chip Latches; Address, Data, CE, OE, WE 

• Automatic Byte Write 10ms typ. 

• Automatic Page Write 

(32byte) 10ms typ. 

• Fast Access Time 200/250/300ns max. 

• Low Power Dissipation . . . 20mW/MHz typ. (Active) 

. . . 5juW typ. (Standby) 

• Data Polling and Ready/Busy 

• Data Protection Circuity on Power On/Power Off 

• Conforms to JEDEC Byte-Wide Standard 

• Reliable CMOS with MNOS Cell Technology 

• 10000 Erase/Write Cycles and 10 year Data Retention 



■ BLOCK DIAGRAM 



Vcc O— +> 
Vss O— •► 


High VolUg 
Generator 


e 






I/OO 1/07 

T T 










ono — 


IS- 




I/O Buffer 

and 
Input Latch 


^T 








Ceo — 


Control Logic and 
Timing 


WEO — 


, 


V 






* 




♦ 


f 


AOO — 


Address 

Buffer 

and 

Latch 




Y 
Decoder 


Y Gating 


A4 






; 




A5 
A12 — 


X 

Decoder 


Memory 
Array 



I 



Data Latch 




■ PIN ARRANGEMENT 



RDY/Busy [7 

A12 [7 

A7 LI 

A6 [J 

A5 [7 

A4 (T 

A3 [7 

A2 GE 

Al [7 

AO Qo 

VOO [TT 

1/01 Q? 

1/02 QI 

Vss (h 



^) Vcc 

27] WE 

^] NC 

25) A8 

ID A9 

23] All 

U OE 

IB A10 

~M\ CE 

U 1/07 

]|] 1/06 

ID 1/05 

j6] 1/04 

]|] 1/03 



(Top View) 



A to A ia 


Address Input 


1/01 -1/07 


Data in/Data out 


OE 


Output Enable 


OE 


Chip Enable 


WE 


Write Enable 


Vcc 


Power (+5V) 


Vss 


GND 


NC 


No connect 



Note) The specifications of this device are subject to change without notice. 

Please contact your nearest Hitachi's Sales Dept. regarding specifications. 
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HN58C65P Series 



■ MODE SELECTION 



^^~^^__^^ PINS 

MODE ^-^__ 


CE 

(20) 


OE 

(22) 


WE 

(27) 


RDY/Busy 

(1) 


I/O 

(11 -13,15 -19) 


Read 


VlL 


Vil 


ViH 


HighZ 


, Dout 


Standby 


Vm 


X 


X 


HighZ 


HighZ 


Write 


VlL 


ViH 


Vil 


High Z-+ V OL 


Din 


Deselect 


Vil 


Vm 


Vih 


HighZ 


HighZ 


Write Inhibit 


X 


X 


Vm 


HighZ 


- 


Write Inhibit 


X 


Vil 


X 


HighZ 


- 


Data Polling 


Vil 


Vil 


Vm 


Vol 


Data Out (1/07) 



■ ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Value 


Unit 


Supply Voltage* 


v C c 


-0.6 to +7.0 


V 


Input Voltage* 


V in 


-0.5** to +7.0 


V 


Operating Temperature Range 


T pr 


to +70 


°c 


Storage Temperature Range 


T 8tg 


-55 to +125 


"C 



* With Respect to V ss 
** Pulse Width = 50ns : -3.0V 

■ RECOMMENDED DC OPERATING CONDITIONS 



Item 


Symbol 


min. 


typ. 


max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Input Voltage 


Vil 


-0.3 


- 


0.8 


V 


Vih 


2.2 


- 


Vcc+i 


V 


Operating Temperature 


T Q pr 





- 


70 


°c 



DC AND OPERATING CHARACTERISTICS (T a =Q to +70°C, Fcc = 5V±10%) 



Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Input Leakage Current 


Ili 


V C c = 55 V 

V in = 5.5V 


- 


- 


2 


mA 


Output Leakage Current 


Ilo 


V CC = 5.5 V 
V ou t = 5- 5/0.4 V 


- 


- 


2 


nk 


V cc Current (Standby) 


lea 


CE=V IH 


- 


- 


1 


mA 


CE=V CC 


- 


- 


100 


HA 




[ CC2 


CE=OE=F /L ,/ ouf =0mA,/=lMHz 


- 


- 


8 


mA 


Vcc Current (Active) 


200ns cycle 


f out = 0mA 


- 


- 


30 




250ns cycle 


- 


- 


25 


mA 




300ns cycle 


- 


- 


20 




Input Low Voltage 


Vil 




-1.0* 


- 


0.8 


V 


Input High Voltage 


Vih 




2.2 


- 


Vcc+i 


V 


Output Low Voltage 


Vol 


I OL = 2.1mA 


- 


- 


0.4 


V 


Output High Voltage 


Voh 


/ O tf=-400/uA 


2.4 


- 


- 


V 



♦Pulse Width: 50ns, DC: V IL min = -0.3V 
■ CAPACITANCE (r fl =25°C,/=lMHz) 



Parameter 


Symbol 


Test Condition 


min. 


typ. 


max. 


Unit 


Input Capacitance 


Qn 


V in - 0V 


- 


- 


6 


PF 


Output Capacitance 


C out 


V O ut = 0V 


- 


- 


12 


pF 
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HN58C65P Series - 



■ AC CHARACTERISTICS (T a =0 to +70°C, F C c=5V± 10%) 

• AC Test Conditions 

Input Pulse Levels: 0.40V to 2.4V 

Input Rise and Fall Time: ^ 20ns 

Output Load: 1 TTL Gate + 100pF 

Reference Levels for Measuring Timing Inputs Outputs: 0.8V and 2.2V 

• Read Operation 



Parameter 


Symbol 


Test Condition 


HN58C65P-20 


HN58C65P-25 


HN58C65P-30 


Unit 


mm. 


max. 


min. 


max. 


min. 


max. 


Address to 
Output Delay 


f ACC 


CE=OE=K /L 
WE=V IH 


- 


200 


- 


250 


- 


300 


ns 


CEto 
Output Delay 


f CE 


OE=F /L 
WE=K /H 


- 


200 


- 


250 


- 


300 


ns 


OEto 
Output Delay 


tOE 


CE=K /L 
WE=V IH 


10 


70 


10 


100 


10 


150 


ns 


Address to 
Output Hold 


tOH 


CE=OE=F /L 
WE=K /H 





- 





- 





- 


ns 


OE High to 
Output Float 


*DF 


CE=^/L 
WE=K /H 





60 





90 





130 


ns 



Address 



CE 



OE 



WE 



Data 



> 


/ 


X 








m tACC 




tOH 












\ 


K 


; 


/ 






tCE 


? 




N 


^ 


S~ 








tOE 




IDF 






High - - 


















///d 




^ 


\ 








\\\< 






> 


V? 


V 
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Byte Erase and Byte Write Operation (WE Controlled Write Cycle) 



HN58C65P Series 



Parameter 


Symbol 


min. 


typ. 


max. 


Unit 


Address Setup Time 


tAS 





- 


- 


ns 


CE to Write Setup Time 


f cs 





- 


- 


ns 


Write Pusle Width 


( WP 


200 


- 


- 


ns 


Address Hold Time 


*AH 


150 


- 


- 


ns 


Data Setup Time 


*DS 


100 


- 


- 


ns 


Data Hold Time 


tDH 


20 


- 


- 


ns 


CE Hold Time 


t CH 





- 


- 


ns 


OE to Write Setup Time 


t OES 





- 


- 


ns 


OE Hold Time 


t OEH 





- 


- 


ns 


Data Latch Time 


tDL 


100 


- 


- 


ns 


Time to Device Busy 


*DB 


120 


- 


- 


ns 


Write Cycle Time 


*WC 


- 


- 


15 


ms 


Byte Load Window 


tBL 


30 


- 


100 


MS 



Address 






tCS tAH 



* m 



tAS 



WE 



OE 



Din 



\\\\\\\^ 



-x ^^ 



tWP 



\ /'TS 



<C 



tCH 



^ 



tDL 



^K 



tDH 



> 



RDY/Busy 



H r 



I 
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HN58C65P Series - 



Byte Erase and Byte Write Operation (CE Controlled Write Cycle) 



Parameter 


Symbol 


min. 


typ. 


max. 


Unit 


Address Setup Time 


Us 





- 


_ 


ns 


CE to Write Setup Time 


*cs 





- 


- 


ns 


CEPusle Width 


tew 


200 


- 


- 


ns 


Address Hold Time 


*AH 


150 


- 


- 


ns 


Data Setup Time 


f D8 


100 


- 


- 


ns 


Data Hold Time 


( DH 


20 


- 


- 


ns 


CE Hold Time 


f CH 





- 


- 


ns 


OE to Write Setup Time 


f OES 





- 


- 


ns 


OE Hold Time 


f OEH 





- 


- 


ns 


Data Latch Time 


tDL 


100 


- 


- 


ns 


Time to Device Busy 


*DB 


120 


- 


- 


ns 


Write Cycle Time 


*WC 


- 


- 


15 


ms 


Byte Load Window 


*BL 


30 


- 


100 


•MS 



Address 



CE 



^< 



WE 



^^^ . 



\ 



- <x\\\W 






tew 



kZZ 



<C 



> 



RDY/Busy 



^S 



\ 



twe 
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■ Page Erase and Page Write Operation (WE Controlled Write Cycle) 



HN58C65P Series 



Parameter 


Symbol 


min. 


typ- 


max. 


Unit 


Address Setup Time 


*AS 





- 


- 


ns 


CE to Write Setup Time 


tcs 





- 


- 


ns 


Write Pusle Width 


*WP 


200 


- 


- 


ns 


Address Hold Time 


Uh 


150 


- 


- 


ns 


Data Setup Time 


*DS 


100 


- 


- 


ns 


Data Hold Time 


{ DH 


20 


- 


- 


ns 


CE Hold Time 


*CH 





- 


- 


ns 


OE to Write Setup Time 


{ OES 





- 


- 


ns 


OE Hold Time 


*OEH 





- 


- 


ns 


Data Latch Time 


*DL 


100 


- 


- 


ns 


Time to Device Busy 


X DB 


120 


- 


- 


ns 


Write Cycle Time 


f WC 


- 


- 


15 


ms 


Byte Load Window 


<BL 


30 


- 


100 


MS 


Byte Load Cycle 


f BLC 


0.3 


- 


30 


MS 



Address 
A5 to A12 



Address 
AO to A4 



3C 



5GS 



XCOCDCDCDGD^ 



* £l_^ 



WE 



OE 



Din 




KV .A A A AWW 



ijj \y v ;y^ 



AAA/1SS 



\7 



V 



^ 



i 



(D^OrC^HD^D- 



RDY/Busy 



\ 



K 



K 



I 
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HN58C65P Series 

■ Page Erase and Page Write Operation (CE Controlled Write Cycle) 


Parameter 


Symbol 


min. 


typ. 


max. 


Unit 


Address Setup Time 


Us 





- 


- 


ns 


CE to Write Setup Time 


*cs 





- 


- 


ns 


CE Pusle Width 


t cw 


200 


- 


- 


ns 


Address Hold Time 


tAH 


150 


- 


- 


ns 


Data Setup Time 


*DS 


100 


- 


- 


ns 


Data Hold Time 


{ DH 


20 


- 


- 


ns 


CE Hold Time 


t CH 





- 


- 


ns 


OE to Write Setup Time 


tOES 





- 


- 


ns 


OE Hold Time 


t OEH 





- 


- 


ns 


Data Latch Time 


tDL 


100 


- 


- 


ns 


Time to Device Busy 


*DB 


120 


- 


- 


ns 


Write Cycle Time 


twc 


- 


- 


15 


ms 


Byte Load Window 


*BL 


30 


- 


100 


.MS 


Byte Load Cycle 


tBLC 


0.3 


- 


30 


MS 




Address V V 
A5 to A12 A A 



=-« 3tZK^CXZXE>G[X 



Address 
AO 



CE 



WE 



OE 



Din 



Si 



m 



a 



tBLC 




f\ „/\ A A A^ V 




ir^\y \y w w:s 

tDS 



tDH 



<LH±H><*><^> 



tDB 



RDY/Busy 



\ 



JC 
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HN58C65P Series 



• Automatic Page Write 

Page-mode write feature allows 1 to 32 bytes of data to be written into the EEPROM in a single write cycle. 
Following the initial byte cycle, an additional 1 to 31 bytes can be written in the same manner as the first 
byte was written. Each additional byte load cycle must be started within 30/zs of the preceding rising edge 
of the WE. 

• Data Polling 

Data polling allows comparison operation to determine the status of the EEPROM. During a write cycle, an 
attempted read of the last byte written in the EEPROM results in the complement data of that byte at 1/07. 

• Ready/Busy Signal 

RDY/Busy signal also allows to determine the status of the EEPROM, RDY/Busy signal has high impedance 
except in a write cycle and is lowered to Vql a f ter tne ^ rst wr * te signal. At the end of a write cycle, RDY/ 
Busy signal changes its state to high impedance. 

• Write Protection 

There are four features that protect the data from an inadvertent write. 

1) Noise Protection : A write cycle will not be initiated with a WE pulse of less than 20ns. 

2) Vqc Sense : When the Vqc * s approximately 3.0 volt, Write and Erase functions are not initiated. 

3) Write Inhibit : Holding OE low, WE high, or CE high, inhibits a write cycle during power-on and 

power-off. 

4) Write Inhibit : Holding OE low, WE low and CE low, inhibits a write cycle during power-on and 

power-off. 

• WE Pins Operation 

During a write cycle, addresses are latched on the falling edge of WE: data are latched on the rising edge of 
WE. 
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HM10414, HM10414-1 



256 - word x 1 -bit Fully Decoded Random Access Memory 

The HM10414 is ECL 10K compatible, 256-word x 1-bit, read write, 

random access memory developed for high speed systems such as 

scratch pad and control/buffer storages. 

The fabrication process uses the Hitachi's low capacitance, oxide 

isolation method with double metal ization. 

The HM10414 is encapsulated in cerdip-16pin package, compatible 

with Fairchild's F 1041 4. 

• Fully compatible with 10K ECL level 

• Address access time: HM10414: 10ns (max.) 

HM10414-1: 8ns (max.) 

• Write pulse width: 6ns (min.) 

• Three chip select pins 

• Output obtainable by wired -OR (open emitter) 




I PIN ARRANGEMENT 



■ TRUTH 


TABLE 








Input 


Output 


Mode 


CS~ 


WE 


Din 


any one H 


X 


X 


L 


Not Selected 


all L 


L 


L 


L 


Write "0 V 


all L 


L 


H 


L 


Write "1" 


all L 


H 


X 


Dout* 


Read 



Don't care 

Read out non inverted 



I BLOCK DIAGRAM 





(Top View) 



a 1 • i 



■ ABSOLUTE MAXIMUM 


RATINGS 






Item 


Symbol 


Rating 


Unit 


Supply Voltage 


VtE tO VcC 


+ 0.5 to -7.0 


V 


Input Voltage 


V,n 


+ 0.5 to Wee 


V 


Output Current 


/.., 


-30 


mA 


Storage Temperature 


T„. 


-65 to +150 


•c 


Storage Temperature 


r..,(Bias)* 


- 55 to +125 


*C 
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■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS {Vee= -5.2V, R L = 50 H to -2.0V, Ta-0 to +75'C,air flow exceeding 2m/sec) 



Item 


Symbol 


Test Condition 


mm OB) 


typ 


max (A) 


Unit 




VoH 


V,n-V,ha or Vuk 


o*c 


-1000 


- 


-840 






+ 25*C 


-960 


- 


-810 




Output Voltage 


+ 75*C 


-900 


- 


-720 


mV 


Vol 


O'C 


-1870 


- 


-1665 




+ 25*C 


-1850 


- 


-1650 






+ 75'C 


-1830 


- 


-1625 






Vtm, 


V,s-V,hb or V,,a 


O'C 


-1020 


- 


- 






+ 25*C 


-980 


- 


- 




Output Threshold Voltage 


+ 75*C 


-920 


- 


- 


mV 


vw 


O'C 


- 


- 


-1645 




+ 25*C 


- 


- 


-1630 






+ 75'C 


- 


- 


-1605 






V,H 


Guaranteed Input Voltage 
High for All Inputs 


O'C 


-1145 


- 


-840 






+ 25*C 


-1105 


- 


-810 




Input Voltage 


+ 75*C 


-1045 


- 


-720 


mV 


V,L 


Guaranteed Input Voltage 
Low for All Inputs 


O'C 


-1870 


- 


-1490 




+ 25*C 


-1850 


- 


-1475 






+ 75*C 


-1830 


- 


-1450 






I,H 


V,S~V,HA 


to + 75*C 


- 


- 


220 




Input Current 


I,L 


cs 


V,s-V,LB 


to +75'C 


5 


- 


170 


M 




Other 


-50 


- 


- 




Supply Current 


Ilf 


All Input and Output Open, 


+ 75*C 


- 


-130 


- 


mA 


Test Pin 8 




O'C 


-180 


-140 


- 



• AC CHARACTERISTICS 

( Ve£= — 5.2V ±5%, 7a=0 to +75°C,air flow exceeding 2m /sec, see test circuit and waveforms) 
1. READ MODE 



Item 


Symbol 


Test Condition 


HM10414 


HM10414- 


1 


Unit 


mm 


typ 


max 


min 


typ 


max 


Chip Select Access Time 


tACR 




- 


3 


6 


- 


3 


6 


ns 


Chip Select Recovery Time 


tRCS 




- 


3 


6 


- 


3 


6 


ns 


Address Access Time 


tAA 




- 


7 


10 


- 


6 


8 


ns 



2. WRITE MODE 



Item 


Symbol 


Test Condition 


HM 10414 


HM10414-1 


Unit 


mm 


typ 


max 


mm 


typ 


max 


Write Pulse Width 


tw 


/Hs,. = 2ns 


6 


4 


- 


6 


4 


- 


ns 


Data Setup Time 


twSD 




1 





- 


1 





- 


ns 


Data Hold Time 


I WHO 




1 





- 


1 





- 


ns 


Address Setup Time 


twSA 


tw" 6ns 


2 





- 


2 





- 


ns 


Address Hold Time 


IWHA 




2 





- 


2 





- 


ns 


Chip Select Setup Time 


twscs 


1 





- 


1 





- 


ns 


Chip Select Hold Time 


twHCS 


1 





- 


1 





- 


ns 


Write Disable Time 


tws 


- 


- 


5 


- 


- 


5 


ns 


Write Recovery Time 


twR 


- 


- 


12 


- 


- 


10 


ns 



3. RISE/FALL TIME 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Output Rise Time 


tr 




- 


1.5 


2.5 


ns 


Output Fall Time 


tf 


- 


1.5 


2.5 


ns 



4. CAPACITANCE 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


C. 




- 


3 


5 


pF 


Output Capacitance 


C. 


- 


5 


8 


pF 
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HM10414, HM10414-1 



■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITIONS 

CND 



2. INPUT PULSE 



HM10414 R L g d£ Cl 

J 



0.01* F 




I, = »/ = 2.0ns typ 



Vee 



3. READ MODE 



-2.0 V 

Rl =50Q 

Ci=30pF( includes jig and stray capacitance) 



-150% 



s \L 50% 



4. WRITE MODE 



F 7 ! 

50%V 



80% 
50% 



■jf 



X 



X 



¥ - 



X 



— /*;>/>— <\ / 1 HM4 






~jf- 



SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 



SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 



181) 

E 

a i6o 
I 

5 140 











1 
























































V 


ec= -5.20V 

1 1 



-20 20 40 60 80 100 

Ambient Temperature Ta i 'C ) 



80% 
V20% 





1 


































































r«= 


25*C 



Supply Voltage Vee (V) 



568 



<{p> HITACHI 

Hitachi America Ltd. • 2210 OToole Avenue • San Jose, CA 95131 • (408) 435-8300 



HM10414, HM10414-1 



ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE 



10 




1 

j 


! 
| 








1 

1 














i 

_ i ^ 










HV^ii. ^ 










Ji22 


£>**^ 




4 








— i 

Vh=-5 20V 

: i 



-20 20 40 60 

Ambient Temperature To <*C) 



ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE 











































1 










! 












Ta = 


25*C 



-5 20 
Supply Voltage Vu i 



CHIP SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE 



b 




























3 































































V 


E £=-5 20 


V 



20 40 60 80 100 

Ambient Temperature fa (*C) 



CHIP SELECT ACCESS TIME 
vs. SUPPLY VOLTAGE 































E 3 




























s. ., 








| 
















1 
1 






7W5TC 

1 



Supplv Voltage \» V | 



WRITE PULSE WIDTH 

vs. AMBIENT TEMPERATURE 







































































V££ = 


-5 20V 



-20 20 40 60 80 100 

Ambient Temperature fa ( \T ' 



WRITE PULSE WIDTH 
vs. SUPPLY VOLTAGE 







































































To 


= 25*C 



-5 72 -5 20 

Supply Voltage Wi 



HITACHI 

Hitachi America Ltd • 2210 O'Toole Avenue • San Jose, CA 95131 • (408)435-8300 



569 



HM10422 



256- word x 4-bit Fully Decoded Random Access Memory 

The HM10422 is ECL 10K compatible, 256-word x 4-bit, read write, 

random access memory developed for high speed systems such as 

scratch pads and control buffer storages. 

Four active Low Block Select lines are provided to select each block 

independently. 

The fabrication process is the Hitachi's low capacitance, oxide 

isolation method with double metalization. 

The HM10422 is encapsulated in cerdip-24 pin package, compatible 

with Fairchild's F10422. 



■ FEATURES 

• 256-word x 4 bit organization. 

• Fully compatible with 10K ECL level 
Address access time: 10ns (max) 
Write pulse width: 6ns (min) 
Power dissipation: 0.8mW/bit 
Output obtainable by wired-OR (open emitter) 



■ TRUTH 


TABLE 








Input 


Output 


Mode 


Is 


WE 


Din 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write "1" 


L 


H 


X 


Dout* 


Read 



Notes) x ' Irrelevant 

* '. Read out nomnvert 

■ BLOCK DIAGRAM 



? T T 



Y-Decoder/Driver 



u . u . u u 



Memory Cell Arrty 
256 Words X 4 Bits 



n n n a 



WE O— R/W Circuit R/W C 



R/W Circuit R/W Circuit 



A i A 4 i A A A A A A A 

i£ s i is s S li s § i^ s i 




I PIN ARRANGEMENT 




(Top View) 
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HM 10422 



I ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Supply Voltage 


Vtt to Vcc 


+ 0.5 to -7.0 


V 


Input Voltage 


V.n 


4-0.5 to Vtt 


V 


Output Current 


/... 


-30 


mA 


Storage Temperature 


T.„ 


-65 to +150 


•c 


Storage Temperature 


WBias)* 


-55 to +125 


*C 



* Under Bim 



■ ELECTRICAL CHARACTERISTICS 

(Ve£--5.2V, /2t-50n to -2.0V, Ta-Q to +75 # C, air flow exceeding 2m/sec) 
• DC CHARACTERISTICS 



Item 


Symbol 


Test Condition 


min(B) 


typ 


max (A) 


Unit 




VOH 


V, N ~V,HA 

or Vil» 


0'C 


-1000 


- 


-840 






+ 25*C 


-960 


- 


-810 




Output Voltage 


+ 75'C 


-900 


- 


-720 


mV 


Vol 


0*C 


-1870 


- 


-1665 




+ 25*C 


-1850 


- 


-1650 






+ 75*C 


-1830 


- 


-1625 






Vohc 


V,n-V,h* or Vila 


0'C 


-1020 


- 


- 






+ 25'C 


-980 


- 


- 




Output Threshold Voltage 


+ 75*C 


-920 


- 


- 


mV 


Volc 


0*C 


- 


- 


-1645 




+ 25*C 


- 


- 


-1630 






+ 75'C 


- 


- 


-1605 






Vim 


Guaranteed Input Voltage 
High for All Inputs 


0'C 


-1145 


- 


-840 






+ 25'C 


-1105 


- 


-810 




Input Voltage 


+75*C 


-1045 


- 


-720 


mV 


V,l 


Guaranteed Input Voltage 
Low for All Inputs 


0*C 


-1870 


- 


-1490 




+25*C 


-1850 


- 


-1475 






+75'C 


-1830 


- 


-145© 






IlH 


Vim 'V, ma 


to +75*C 


- 


- 


220 




Input Current 


hi 


BS 


Vi*-V, t . 


to +75*C 


0.5 


- 


170 


M 




Other 


-50 


- 


- 




Supply Current 


Itt 


All Input and Output Open, 


To-0'C 


-200 


-160 


- 


mA 


Test Pin 12 




To-75'C 


- 


-145 


- 



• AC CHARACTERISTICS 

1. READ MODE 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Block Select Access Time 


Iabs 




- 


- 


5 


ns 


Block Select Recovery Time 


t*BS 


- 


- 


5 


ns 




Address Access Time 


tAA 


- 


7 


10 


ns 



2. WRITE MODE 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Write Pulse Width 


tw 


t ws a — 2ns 


6 


4.5 


- 


ns 


Data Setup Time 


twSD 




2 





- 


ns 


Data Hold Time 


tWHD 


2 





- 


ns 


Address Setup Time 


twSA 


ttr"-6ns 


2 





- 


ns 


Address Hold Time 


twHA 




2 





- 


ns 


Block Select Setup Time 


twSBS 


2 





- 


ns 


Block Select Hold Time 


twHBS 


2 





- 


ns 


Write Disable Time 


twi 


- 


4 


5 


ns 


Write Recovery Time 


tw* 


- 


4.5 


12 


ns 
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HM 10422 

3. RISE/FALL TIME 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Output Rise Time 


I, 




- 


2 


- 


ns 


Output Fall Time 


*/ 


- 


2 


- 


ns 


4. CAPACITANCE 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


C. 




- 


4 


- 


pF 


Output Capacitance 


C, 


- 


7 


- 


PF 



I TEST CIRCUIT AND WAVEFORMS 



1. LOADING CONDITION 

Test Circuit 

Vcc(GND) 



0.01/.F 



3. READ MODE 




Rl =£ Cl 



Ri=50Q 

Ci=30pF( includes 
probe and jig 
capacitance) 



, A 

\ 4 Ww< 



2. INPUT PULSE 



-0.9V 



t'-t/ -2.0ns typ 




z>$ 



)ki 



4. WRITE MODE 



JlC 



K. 



-^D k° x * % / C — «... 



> 



3K 



5C 



«/ 
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SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 



j* 120 
I 







































































Vw- 


5.20V 



SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 





































































To=25*C 

1 



Ambient Temperature Ta ("C) 



-5 72 -5 20 

Supply Voltage Vtr (Vi 



ADDRESS ACCESS TIME vs. 
AMBIENT TEMPERATURE 











1 
1 

1 






























































Vec=- 


5 20V 



20 40 60 80 100 

Ambient Temperature To i'C) 



ADDRESS ACCESS TIME vs. 
SUPPLY VOLTAGE 



f 




























i 










t 

i 

i - 










i 










i i 

: r =25*c 

1 1 



-5.20 
Supply Voltage V« (V) 



BLOCK SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE 





5 




























s 
















g 


4 














2 














1 


3 














< 














S 


2 




























| 


1 






















V«= -5.20V 













1 1 



20 40 60 80 100 

Ambient Temperature Ta CO 



BLOCK SELECT ACCESS TIME 
vs. SUPPLY VOLTAGE 







































































7o = 25*C 

1 



-5 72 -5 20 

Supply Voltage Vu (V) 
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HM 10422 



WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE 



WRITE PULSE WIDTH vs. 
SUPPLY VOLTAGE 



5 
4 
3 
2 







































































Vu= -5.20V 

I I 













































































7o=25*C 

I 



20 40 60 80 100 

Ambient Temperature To ("C) 



-5.72 -5.20 

Supply Voluge Vk (V) 
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256-word x 4-bit Fully Decoded Random Access Memory 

The HM10422 is ECL 10K compatible, 256-word x 4-bit, read write, 

random access memory developed for high speed systems such as 

scratch pads and control buffer storages. 

Four active Low Block Select lines are provided to select each block 

independently. 

The fabrication process is the Hitachi's low capacitance, oxide 

isolation method with double metalization. 

The HM 10422 is encapsulated in cerdip-24 pin package, compatible 

with Fairchild's F 10422. 



■ FEATURES 

• 256-word x 4 bit organization 

• Fully compatible with 1 0K ECL level 

• Address access time: 7ns (max) 

• Write pulse width: 4ns (min) 

• Power dissipation: 1.0 mW/bit 

• Output obtainable by wired-OR (open emitter) 



■ TRUTH 


TABLE 








Input 


Output 


\ 
Mode 


Is 


WE 


Din 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write "1" 


L 


H 


X 


Dout* 


Read 



•tea) x ' Irrelevant 

* . Read out nonmvert 

IBLOCK DIAGRAM 



T ? T 



Y-Decoder/Dr.ver 



D 



u a u— n 



H 



Memory Cell Array 
256 Words X 4 Bits 



n a n 



WE O— R/W Circuit R/W Circuit R/W Circuit R/W C.rcuit 



6 6 6 6*6666666 




I PIN ARRANGEMENT 




(Top View) 
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HM1 0422-7- 



I ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


Rating 


Unit 


Supply Voltage 


Vee to Vcc 


+0.5 to -7.0 


V 


Input Voltage 


V,. 


+0.5 to Vee 


V 


Output Current 


/.., 


-30 


mA 


Storage Temperature 


7\„ 


-65 to +150 


*C 




Storage Temperature 


WBias)* 


-55 to +125 


•c 



* Under Bias 



■ ELECTRICAL CHARACTERISTICS 

(V r £ £ --5.2V, Rl-50C1 to -2.0V, To-0 to +75*C, air flow exceeding 2m/sec) 

• DC CHARACTERISTICS 



Item 


Symbol 


Test Condition 


min(B) 


typ 


max (A) 


Unit 




VOH 


V,N-V,MA 

or VtLB 


o*c 


-1000 


- 


-840 






+ 25*C 


-960 


- 


-810 




Output Voltage 


+ 75'C 


-900 


- 


-720 


mV 


Vol 


0'C 


-1870 


- 


-1665 




+25*C 


-1850 


- 


-1650 






+ 75'C 


-1830 


- 


-1625 






Vohc 


V,N-VlHB or V,LA 


0*C 


-1020 


- 


- 






+25*C 


-980 


- 


- 




Output Threshold Voltage 


+ 75*C 


-920 


- 


- 


mV 


Volc 


0'C 


- 


- 


-1645 




+25*C 


- 


- 


-1630 






+ 75'C 


- 


- 


-1605 






V,H 


Guaranteed Input Voltage 
High for All Inputs 


0'C 


-1145 


- 


-840 






+ 25'C 


-1105 


- 


-810 




Input Voltage 


+ 75*C 


-1045 


- 


-720 


mV 


V,L 


Guaranteed Input Voltage 
Low for All Inputs 


0'C 


-1870 


- 


-1490 




+ 25*C 


-1850 


- 


-1475 






+ 75*C 


-1830 


- 


-1450 






I,H 


V„,-V,HA 


to +75'C 


- 


- 


220 




Input Current 


III 


BS 


V,m-V,l» 


to +75*C 


0.5 


- 


170 


M 




Other 


-50 


- 


- 




Supply Current 


Iee 


All Input and Output Open, 


Ta-O'C 


-240 


-200 


- 


mA 


Test Pin 12 




ro-75*C 


- 


-180 


- 



• AC CHARACTERISTICS 

1. READ MODE 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Block Select Access Time 


Iabs 




- 


- 


5 


ns 


Block Select Recovery Time 


t RBS 


- 


- 


5 


ns 


Address Access Time 


tAA 


- 


4 


7 


ns 



2. WRITE MODE 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Write Pulse Width 


tw 


twsA =2ns 


4 


3 


- 


ns 


Data Setup Time 


twSD 




1 




- 


ns 


Data Hold Time 


twHO 


1 1 




- 


ns 


Address Setup Time 


twSA 


(»' = 4ns 


2 




- 


ns 


Address Hold Time 


twHA 




1 




- 


ns 


Block Select Setup Time 


twSBS 


1 




- 


ns 


Block Select Hold Time 


twHBS 


1 




- 


ns 


Write Disable Time 


tws 


- 


3 


5 


ns 


Write Recovery Time 


twR 


- 


3 


8 


ns 
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3. RISE/FALL TIME 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Output Rise Time 


t. 




- 


2 


- 


ns 


Output Fall Time 


t/ 


- 


2 


- 


ns 


4. CAPACITANCE 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


C. 




- 


3 


- 


pF 


Output Capacitance 


C, 


- 


5 


- 


pF 



I TEST CIRCUIT AND WAVEFORMS 



1. LOADING CONDITION 

Test Circuit 

Vcc(GND) 




Rl =50Q 

Ci=30pF( includes 
probe and jig 
capacitance) 



3. READ MODE 



*~ \ f 



Jfl 50% l\ 



1 \ 20% 

• I s " 



4. WRITE MODE 



%. 



ZA<. 



2. INPUT PULSE 

-09V 




/'-'/-2.0ns typ 






ryf 



H tAA- 



y$ 



K 



r-»<— \ /- """' 



V* 



5K 



50%Tp 
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HM2110,HM2110-1 



1 024- word x 1 -bit Fully Decoded Random Access Memory 
The HM2110 Series item is an ECL compatible, 1024-word x 1-bit, 
read/write, random access memory developed for application to 
scratch pads, control and buffer memories, etc. which require high 
speeds. 

• It is compatible with 1 0K ECL logic. 

• Chip select access time 10ns (max.) 

• Address access time HM21 10: 35ns (max.) 

HM2110-1: 25ns (max.) 

• Power consumption , 0.5mW/bit (typ) 

• Output obtainable by Wired-OR (open emitter). 



■ TRUTH 


TABLE 








Input 


Output 


Mode 


CS 


WE 


Din 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write "1" 


L 


H 


X 


Dout* 


Read 



x '. irrelevant 

* '. Read out nonmverted 



I BLOCK DIAGRAM 





IPIN ARRANGEMENT 




TTTTT 

Ai A. A> An A» 



I ABSOLUTE MAXMUM RATINGS 



Item 


Symbol 


HM2110 Series 


Unit 


Supply Voltage 


Vll to Vcc 


+ 0.5 to -7.0 


V 


Input Voltage 


V.n 


+ 0.5 to Vtt 


V 


Output Current 


/.., 


-30 


mA 


Storage Temperature 


T.„ 


-65 to +150 


*C 


Storage Temperature 


r,„(Bias)' 


-55 to +125 


*C 



* Under Bias 
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■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (V i£ *=-5.2V, flz. = 50n to -2.0V, Ta = to +75*C, air flow exceeding 2m/sec) 



Item 


Symbol 


Test Condition 


min(B) 


typ 


max (A) 


Unit 




VOH 


V//v — Viha or VlLB 


O'C 


-1000 


- 


-840 






-H25*C 


-960 


- 


-810 




Output Voltage 


+ 75*C 


-900 


- 


-720 


mV 


Vol 


O'C 


-1870 


- 


-1665 




+ 25'C 


-1850 


- 


-1650 






+ 75'C 


-1830 


- 


-1625 






Vohc 


V in -V,hb or Vila 


O'C 


-1020 


- 


- 






+ 25'C 


-980 


- 


- 




Output Threshold Voltage 


+ 75'C 


-920 


- 


- 


mV 


Volc 


O'C 


- 


- 


-1645 




+ 25'C 


- 


- 


-1630 






+ 75'C 


- 


- 


-1605 






V,H 


Guaranteed Input Voltage 
High for All Inputs 


O'C 


-1145 


- 


-840 






+ 25*C 


-1105 


- 


-810 




Input Voltage 


+ 75'C 


-1045 


- 


-720 


mV 


V IL 


Guaranteed Input Voltage 
Low for All Inputs 


O'C 


-1870 


- 


-1490 




+ 25'C 


-1850 


- 


-1475 






+ 75'C 


-1830 


- 


-1450 




\ 


I,H 


Vis » Viha 


to +76'C 


- 


- 


220 




Input Current 


III 


cs 


V,N-V,LB 


to +75'C 


0.5 


- 


170 


M 




Other 


-50 


- 


- 




Supply Current 


Ilb 


All Input and Outptft Open, 


0£7a<25'C 


-150 


-100 


- 


mA 


Test Pin 8 




Ta £25*C 


-125 


-90 


- 



• AC CHARACTERISTICS 

{VkE***— 5.2V ±5%, Ta^O to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms) 
1. READ MODE 





Symbol 


Test Condition 


HM2110 


HM2110- 


I 


Unit 




mm 


typ 


max 


min 


typ 


max 


Chip Select Access Time 


tACS 




- 


7 


10 


- 


7 


10 


ns 


Chip Select Recovery Time 


titcs 




- 


7 


10 


- 


7 


10 


ns 


Address Access Time 


t A A 




- 


20 


35 


- 


15 


25 


ns 



2. WRITE MODE 



Item 


Symbol 


Test Condition 


HM2110 


1 


M2110- 


1 


Unit 


min 


typ 


max 


min 


typ 


max 


Write Pulse Width 


tw 


firs* « 8ns 


25 


- 


- 


25 


- 


- 


ns 


Data Setup Time 


twSD 




5 


- 


- 


5 


- 


- 


ns 


Data Hold Time 


twHD 


5 


- 


- 


5 


- 


- 


ns 


Address Setup Time 


twSA 


tw- 25ns 


8 


- 


- 


8 


- 


- 


ns 


Address Hold Time 


twHA 




2 


- 


- 


2 


- 


- 


ns 


Chip Select Setup Time 


twscs 


5 


- 


- 


5 


- 


- 


ns 


Chip Select Hold Time 


twHCS 


5 


- 


- 


5 


- 


- 


ns 


Write Disable Time 


tws 


- 


- 


10 


- 


- 


10 


ns 


Write Recovery Time 


twit 


- 


~ 


37 


- 


- 


37 


ns 
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HM2110, HM2110-1 

3. RISE/FALL TIME 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Output Rise Time 


t, 




- 


5 


- 


ns 


Output Fall Time 


it 


- 


5 


- 


ns 


4. CAPACITANCE 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


C. 




- 


4 


5 


pF 


Output Capacitance 


C... 




- 


7 


8 


pF 



■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 




2. INPUT PULSE 

-0.9V- 




10% 
20% 



t, =ti = 2.5ns typ 



Ki S =. Cl 



«i=50fl 

v " Cl =30pF( includes probe and 

tig capacitance) 



3. READ MODE 

cs 

Dout 



J> 



V,HB 



-50% 



-ZX 



.t >. 80% 

— At, ti\-4 



Dout 






4. WRITE MODE 



CS 50% 



\ 



-I 



~3t 



X 



B<G 



50%\ / 



sliii 



X 



/ 
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HM2110, HM2110-1 



SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 



1ZU 
100 

1 80 

2 60 

u 

| 40 

CO 

20 












































































-20 20 40 60 80 100 

Ambient Temperature Tn CC) 



SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 



100 
80 
60 
40 






























/ 












/ 








20 




/ 










• 


/ 











-1 -2 -3 -4 -5 -6 

Supply Voltage Vte (V) 



ADDRESS ACCESS TIME vs. 
AMBIENT TEMPERATURE 









HM2110 










HM2110-1 




















■■ ' •• jr* 





































20 40 60 80 100 

Ambient Temperature To CO 
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HM2112,HM2112-1 



1024-word xi. bit Fully Decoded Random Access Memory 
The HM2112 is an ECL compatible, 1024-word x 1-bit, read/write, 
random access memory developed for application to scratch pads, 
control and buffer memories, etc. which require high speeds. 

■ FEATURES 

• Level 10k ECL Compatible 

• Construction 1024-word by 1-bit 

• Address Access Time HM21 12 10ns (max.) 

HM2112-1 8ns (max.) 

• Chip Select Access Time 5ns (max.) 

• Power Consumption 0.8mW/bit (typ) 

• Output Obtainable by Wired-OR (open emitter) 

• Fully Pin Compatible with F 1 041 5 

■ TRUTH TABLE 



Input 


Output 


Mode 


CS 


WE 


Dm 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write "1" 


L 


H 


X 


Dout* 


Read 



Irrelevant 
' Read out n. 



I BLOCK DIAGRAM 




%r.tc Dr.v* 
ind Sense Amp 



a sense -\mp . \ ^ f > . 
\ Address V*__J» j 



mxr 

\i \* \j X. At 



K3- 



O 




PIN ARRANGEMENT 


Dout[T 


w 


jTJvcc 


,[7 




jTJum 


-E 




m]cs 


*.[7 




771^1 


*rr 




T7|a, 


A.[T 




77]a, 


A.jT 




7o]a, 


v "[Z 




T1a, 




(Top View) 





I ABSOLUTE MAXIMUM RATINGS 



Item 


Symbol 


HM2112 


Unit 


Supply Voltage 


Vtt to Vcc 


+ 0.5 to ~7.0 


V 


Input Voltage 


V.n 


+ 0.5 to V t t 


V 


Output Current 


/.., 


-30 


mA 


Storage Temperature 


T., t 


-65 to +150 


°C 


Storage Temperature 


7... (Bias)' 


-55 to +125 


*C 



* Under Bias 
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■ ELECTRICAL CHARACTERISTICS 

(V r £ £ --5.2V, Rl-SOCI to -2.0V, To-0 to +75*C, air flow exceeding 2m/sec) 

• DC CHARACTERISTICS 



Item 


Symbol 


Test Condition 


min(B) 


typ 


max (A) 


Unit 




VOH 


V,n-V,ha or V ILB 


o*c 


-1000 


- 


-840 






+ 25*C 


-%o 


- 


-810 




Output Voltage 


+ 75*C 


-900 


- 


-720 


mV 


Vol 


# C 


-1870 


- 


-1665 




+ 25*C 


-1850 


- 


-1650 






+ 75*C 


-1830 


- 


-1625 






Vohc 


V,h-V,hb or V,LA 


O'C 


-1020 


- 


- 






-4-25'C 


-980 


- 


- 




Output Threshold Voltage 


+ 75'C 


-920 


- 


- 


mV 


Vote 


0*C 


- 


- 


-1645 




+ 25*C 


- 


- 


-1630 






+ 75*C 


- 


- 


-1605 






Vim 


Guaranteed Input Voltage 
High for All Inputs 


O'C 


-1145 


- 


-840 






+ 25*C 


-1105 


- 


-810 




Input Voltage 


4-75'C 


-1045 


- 


-720 


mV 


Vu 


Guaranteed Input Voltage 
Low for All Inputs 


O'C 


-1870 


- 


-1490 




+ 25'C 


-1850 


- 


-1475 






+ 75*C 


-1830 


- 


-1450 






IlL 


Vis - V,„a 


to + 75*C 


- 


- 


220 




Input Current 


In 


cs 


V,N-V,IB 


to + 75*C 


0.5 


- 


170 


M 




Other 


-50 


- 


- 




Supply Current 


ItE 


All Input and Output Open, 


To -O'C 


-240 


- 


- 


mA 


Test Pin 8 




To-75'C 


-200 


- 


- 



• AC CHARACTERISTICS 

(V r ££ = — 5.2V ±5%, Ta = to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms) 

1. READ MODE 



Item 


Symbol 


Test Condition 


HM2112- 


I 


HM2112 


Unit 


min 


typ 


max 


min 


typ 


max 


Chip Select Access Time 


Iacs 




1 


3 


6 


1 


3 


6 


ns 


Chip Select Recovery Time 


t RCS 


1 


3 


5 


1 


3 


5 


ns 


Address Access Time 


tAA 


3 


6.5 


8 


3 


7.5 


10 


ns 



2. WRITE MODE 



Item 


Symbol 


Test Condition 


HM2112- 


I 


HM2112 


Unit 


min 


typ 


max 


min 


typ 


max 


Write Pulse Width 


tw 


tws a — 3ns 


7 


2 


- 


7 


2 


- 


ns 


Data Setup Time 


twSD 




1 





- 


1 





- 


ns 


Data Hold Time 


twMD 


1 





- 


1 





- 


ns 


Address Setup Time 


twSA 


tw - 7ns 


3 





- 


3 





- 


ns 


Address Hold Time 


twHA 




2 





- 


2 





- 


ns 


Chip Select Setup Time 


twscs 


1 





- 


1 





- 


ns 


Chip Select Hold Time 


twHCS 


1 





- 


1 





- 


ns 


Write Disable Time 


tws 


1 


3 


5 


1 


3 


5 


ns 


Write Recovery Time 


twR 


1 


3 


10 


1 


3 


12 


ns 
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HM2112, HM2112-1- 

3. RISE/FALL THE 



■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

GND 
Q 



2. INPUT PULSE 

-0 9V • 



Rl < ±zCl 





«i=50Q 

Ci.=30pF( includes probe and jig capacitance) 



3. READ MODE 



rVz/ 



-DK 



& 



80% 
50% 
■20% 



4. WRITE MODE 



CS 50% 



\ 



-f 



DiG 



X 



X: 



5< 



w_,/ 



\ 



^ 



XI 



hen 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Output Rise Tine 


t. 




0.8 


1.5 


2.5 


ns 


Output Fall Tine 


h 


0.8 


1.5 


2.5 


ns 


4. CAPACITANCE 


hen 


Symbol 


Test Condition 


mm 


typ 


max 


Unit 


Input Capacitance 


C. 




1 


3 


5 


pF 


Output Capacitance 


C, 


3 


5 


8 


pF 



80% 
^L 20% 
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-HM2112, HM2112-1 



SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 



N v 




































































w> = 


-*>JiiV 



20 40 bO HO 100 

Ambient Temperature /\i iTi 



SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 



£ MO 







































































r a = 


25t 



-572 -520 -468 

Supply Voluge Vtt (V) 



ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE 





























HM 


nu^— 










HW 


2U2^- 




























V'££=- 


5 20V 



-20 20 40 60 80 100 

Ambient Temperature 7-,, ('Q) 



ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE 



^ 8 































' — £^ 


ii* 










^Aj£y 


^/ 


























Ta = 


25t 



-5 72 -5 20 -4 68 

Supply Voltage Vtc 'V) 



CHIP SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE 

















































































Vti = 


-5 20V 



-20 20 40 60 80 100 

Ambient Temperature fa (*C) 



CHIP SELECT ACCESS TIME 
vs. SUPPLY VOLTAGE 



1 « 







































































Ta = 


25*C 



-5 72 -5 20 -4 68 

Supply Voltage Vet (V) 
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HM2112, HM2112-1- 



WRITE PULSE WIDTH 

vs. AMBIENT TEMPERATURE 



6 

5 


























4 
3 
2 

















































Vee = 


-5 20V 



WRITE PULSE WIDTH 
vs. SUPPLY VOLTAGE 



60 80 

t Temperature Ta CO 



b 




























3 


















































Ta 


= 25'C 



-5.20 -4 68 

Supply Voltage V E [ (V) 
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HM10474 



1024- word x 4-bit Fully Decoded Random Access Memory 

The HM10474 is ECL 10k compatible, 1024-words x 4-bit, read 

write, random access memory developed for high speed systems such 

as scratch pads and control/buffer storages. 

The fabrication process is the Hitachi's low capacitance, oxide 

isolation method with double metal ization. 

The HM10474 is encapsulated in cerdip-24pin package, compatible 

with Fairchild'sF 10474. 

■ FEATURES 

• 1024-word x 4-bit organization 

• Fully compatible with 10K ECL level 

• Address access time: 25ns (max) 

• Write pulse width: 25ns(min) 

• Low power dissipation: 0.2mW/bit 

• Output obtainable by wired-OR (open emitter) 




I PIN ARRANGEMENT 



■ TRUTH 


TABLE 








Input 


Output 


Mode 


CS 


WE 


Din 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write "1" 


L 


H 


X 


Dout* 


Read 



>tes) x '. Irrelevant 

* : Read Out Nomvert 

I BLOCK DIAGRAM 



. 1 1 L_L 

Y-Decoder/Dnver 



weo-TrTw 



Memory Cell Array 



"WW 



3T 



Circuit I Circuit I Circuit I 



"W 



AT 

I 



4T 



ircuit I 



n v 




(Top View) 



I ABSOLUTE MAXIMUM RATINGS (7a- 25C) 



Item 


Symbol 


Rating 


Unit 


Supply Voltage 


Vee to Vcc 


+ 0.5 to -7.0 


V 


Input Voltage 


v.. 


+ 0.5 to Vee 


V 


Output Current 


/... 


-30 


mA 


Storage Temperature 


T.„ 


-65 to 4-150 


•c 


Storage Temperature 


7\.,(Bias;* 


-55 to 4-125 


•c 
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■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vee 5.2V, flt-500 to -2.0V, To-0 to +75 # C, air flow exceeding 2m/sec) 



Item 


Symbol 


Test Condition 




min(B) 


typ 


max (A) 


Unit 




VoH 


Vin — Viha or VlLB 


o'c 


-1000 


- 


-840 






425'C 


-960 


- 


-810 




Output Voltage 


475'C 


-900 


- 


-720 


mV 


Vol 


O'C 


-1870 


- 


-1665 




425'C 


-1850 


- 


-1650 






475'C 


-1830 


- 


-1625 






VoHC 


Vin — Vihb or Vila 


O'C 


-1020 


- 


- 






425'C 


-980 


- 


- 




Output Threshold Voltage 


4-75'C 


-920 


- 


- 


mV 


VoLC 


O'C 


- 


- 


-1645 




+25'C 


- 


- 


-1630 






4-75'C 


- 


- 


-1605 






V,H 


Guaranteed Input Voltage 
High for All Inputs 


O'C 


-1145 


- 


-840 






425'C 


-1105 


- 


-810 




Input Voltage 


475*C 


-1045 


- 


-720 


mV 


VlL 


Guaranteed Input Voltage 
Low for All Inputs 


O'C 


-1870 


- 


-1490 




425'C 


-1850 


- 


-1475 






475'C 


-1830 


- 


-1450 






I,H 


VlN" VlHA 


to 475'C 


- 


- 


220 




Input Current 


llL 


cs 


V,N~V,LB 


to 475'C 


0.5 


- 


170 


M 




Others 


-50 


- 


- 




Supply Current 


Iee 


All Input and Output Open, 


7a- O'C 


-200 


-160 


- 


mA 


Test Pin 12 




To-75'C 


- 


-145 


- 



• AC CHARACTERISTICS {Vee- -5.2V ±5%, 7a=0 to + 75°C, air flow exceeding 2m/sec) 
1. READ MODE 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Chip Select Access Time 


tACS 




- 


- 


10 


ns 


Chip Select Recovery Time 


tucs 




- 


- 


10 


ns 


Address Access Time 


Iaa 




- 


15 


25 


ns 


2. WRITE MODE 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Write Pulse Width 


tw 


twsA" 3ns 


25 


15 


- 


ns 


Data Setup Time 


twSD 




2 


- 


- 


ns 


Data Hold Time 


twHD 




2 


- 


- 


ns 


Address Setup Time 


twSA 


tw" tw *•• 


3 


- 


- 


ns 


Address Hold Time 


twHA 




2 


- 


- 


ns 


Chip Select Setup Time 


twscs 




2 


- 


- 


ns 


Chip Select Hold Time 


tmcs 




2 


- 


- 


ns 


Write Disable Time 


tws 




- 


- 


10 


ns 


Write Recovery Time 


twR 




- 


- 


27 


ns 
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3. RISE/FALL TIME 










HM10474 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Output Rise Time 


t. 




- 


2 


- 


ns 


Output Fall Time 


lj 


- 


2 


- 


ns 


4. CAPACITANCE 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


C. 




- 


4 


- 


pF 


Output Capacitance 


C, 


- 


7 


- 


pF 



■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

Test Circuit 

Vcc(GND) 



2. INPUT PULSE 

-0 9V- 





0.01//F 



3. READ MODE 



Rl =£ -Cl 



-2.0V Ri=50Q 

Ci = 30pF( includes 
probe and jig 
capacitance) 



».-«/-2.0na 



1 tACS ' 



■Z)K 



if *^\ *>* 



}h5<>% 



4. WRITE MODE 

cs 50 #- 



K 



%. 



3< 



K 



t»so } S** S0 %? C- 
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HM10474 



SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 



SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 







































































V*f«- 


S.20V 



20 40 

it Ttaptmur* U (*C) 



-5.72 -5.20 -4.68 

Supply Voltage Vee (V) 





































































7o = 


25'C 



ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE 



30 
25 








































lb 














5 





















V 


« = -5.J 


OV 



20 40 60 80 100 

Ambient Temperature Ta (*C) 



ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE 



5 20 
g 







































































7o = 


25*C 



-5.72 -5.20 -4.68 

Supply Voltage Vee (V) 



CHIP SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE 





































































V 


u = S2 


IV 



20 40 60 80 

Ambient Temperature To (*C) 



CHIP SELECT ACCESS TIME 
vs. SUPPLY VOLTAGE 
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-HM10474 



WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE 







































































Vee = - 


-5.20 V 



20 40 60 80 100 

Ambient Temperature Ta (*C) 



WRITE PULSE WIDTH vs. 
SUPPLY VOLTAGE 



* 20 







































































7a = 


25"C 
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Supply Voltage Vcr (V) 
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HM10474-8.HM10474-10 

1024- word x 4-bit Fully Decoded Random Access Memory 

The HM10474 is ECL 10k compatible, 1024-words x 4-bit, read 

write, random access memory developed for high speed systems such 

as scratch pads and control/buffer storages. 

The fabrication process is the Hitachi's low capacitance, oxide 

isolation method with double metal ization. 

The HM10474 is encapsulated in cerdip-24pin package, compatible 

with Fairchild'sF 10474. 

■ FEATURES 



1024-word x 4-bit organization 
Fully compatible with 10K ECL level 



• Address access time: 



• Write pulse width: 



HM10474-8 8ns (max) 
HM10474-10 10ns (max) 
HM10474-8 5ns (min) 
HM10474-10 5ns (min) 
0.3mW/bit 




• Low power dissipation: 

• Output obtainable by wired-OR (open emitter) 



I PIN ARRANGEMENT 



■ TRUTH 


TABLE 








Input 


Output 


Mode 


cT 


WE 


Din 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write "1" 


L 


H 


X 


Dout* 


Read 



Notes) X '. Irrelevant 

* : Read Out Nomvert 

■ BLOCK DIAGRAM 



_L 



At At 

T t 



Y-Decoder/Dnver 



m 



WE»fW 



u , u 



Memory Cell Array 



WW 



WW" 



XT 



^ 



<H r/w I r7w I rTW I r7W 

Q- i Circuit I Circuit! Circuit I Circuit 
O O O OO O O O 



Vcc* [T . 
D0i[F 
D0 4 (T 
A. [7 
Ai(T 
Ai|T 
Aj(T 
A«jj[ 
Ai|T 

ncQo 
A.QT 

Vk[i2 



24] Vcc 
m]d0i 
S]D0i 
2l]DU 
20]Dli 

I5]dii 

jIJDIi 

JZJcs 

ID WE 
15] At 
IT] A. 

H]a» 



(Top View) 



I ABSOLUTE MAXIMUM RATINGS (Ta-25'C) 



Item 


Symbol 


Rating 


Unit 


Supply Voltage 


Vee to Vcc 


4-0.5 to -7.0 


V 


Input Voltage 


V,. 


+0.5 to Vee 


V 


Output Current 


/.., 


-30 


mA 


Storage Temperature 


r.„ 


-65 to +150 


*C 


Storage Temperature 


r.„(Bias)* 


-55 to +125 


•c 



* Under Bias 
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HM 10474-8, HM 10474-10 



■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (V«- -5.2V, Rl-SQCI to -2.0V, Ta-0 to +75*C, air flow exceeding 2m/sec) 



Item 


Symbol 


Test Condition 


min(B) 


typ 


max (A) 


Unit 




VoH 


Vin — Viha or VlLM 


0*C 


-1000 


- 


-840 






+25"C 


-960 


- 


-810 




Output Voltage 


+75*C 


-900 


- 


-720 


mV 


Vol 


0*C 


-1870 


- 


-1665 




+25"C 


-1850 


- 


-1650 






+ 75*C 


-1830 


- 


-1625 






Vohc 


Vin— Vihb or Vila 


0*C 


-1020 


- 


- 






+ 25*C 


-980 


- 


- 




Output Threshold Voltage 


+75'C 


-920 


- 


- 


mV 


Volc 


0*C 


- 


- 


-1645 




+ 25*C 


- 


- 


-1630 






+ 75*C 


- 


- 


-1605 






V,H 


Guaranteed Input Voltage 
High for AH Inputs 


0*C 


-1145 


- 


-840 






+ 25'C 


-1105 


- 


-810 




Input Voltage 


+ 75'C 


-1045 


- 


-720 


mV 


V,L 


Guaranteed Input Voltage 
Low for All Inputs 


0*C 


-1870 


- 


-1490 




+ 25*C 


-1850 


- 


-1475 






+ 75*C 


-1830 


- 


-1450 






IlH 


VlN" VlHA 


to +75*C 


- 


- 


220 




Input Current 


IlL 


CS 


V,N-V,LB 


to + 75*C 


0.5 


- 


170 


M 




Others 


-50 


-\ 


- 




Supply Current 


Iee 


All Input and Output Open, 


Ta -O'C 


-240 


-220 


- 


mA 


Test Pin 12 




7a-75*C 


- 


-205 


- 



• AC CHARACTERISTICS (Vee- -5.2V ±5%, 77» = to +75°C, air flow exceeding 2m/sec) 
1. READ MODE 



HITACHI 
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Item 


Symbol 


Test Condition 


HM10474-8 


HM10474-10 


Unit 


mm 


typ 


max 


min 


typ 


max 


Chip Select Access Time 


tACS 




- 


- 


6 


- 


- 


6 


ns 


Chip Select Recovery Time 


tkCS 




- 


- 


6 


- 


- 


6 


ns 


Address Access Time 


Iaa 




- 


- 


8 


- 


- 


10 


ns 


2. WRITE MODE 


Item 


Symbol 


Test Condition 


HM10474-8 


HM10474-10 


Unit 


mm 


typ 


max 


min 


typ 


max 


Write Pulse Width 


tw 


twsA- 2ns 


5 


- 


- 


5 


- 


- 


ns 


Data Setup Time 


twSD 




1 


- 


- 


2 


- 


- 


ns 


Data Hold Time 


twHD 




1 


- 


- 


2 


- 


- 


ns 


Address Setup Time 


twSA 


tw" m tw •>.» 


2 


- 


- 


2 


- 


- 


ns 


Address Hold Time 


twHA 




1 


- 


- 


2 


- 


- 


ns 


Chip Select Setup Time 


twscs 




1 


- 


- 


2 


- 


- 


ns 


Chip Select Hold Time 


twHCS 




1 


- 


- 


2 


- 


- 


ns 


Write Disable Time 


tws 




- 


- 


6 


- 


- 


6 


ns 


Write Recovery Time 


twR 




- 


- 


9 


- 


- 


12 


ns 
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HM1 0474-8, HM1 0474-10- 

3. RISE /FALL TIME 



■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

Test Circuit 

Vcc(GND) 



2. INPUT PULSE 

-0 9V- 





0.01,/F 



3. READ MODE 



Rl =S Cl 



2.0V Rt=50Q 

Ci = 30pF( includes 
probe and jig 
capacitance) 



J' 



50% 
tecs 



■Z)K 




50% 
•20% 



\C r oU% 



4. WRITE MODE 

CS 50% 



K 



3lC 



5fC 



K 



_Nr50% 50%-, £_ 



Nr50% 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Output Rise Time 


tr 




- 


2 


- 


ns 


Output Fall Time 


It 


- 


2 


- 


ns 


4. CAPACITANCE 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


C. 




- 


4 


- 


pF 


Output Capacitance 


C. 


- 


7 


- 


pF 




I 
I, I 
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HM10470.HM10470-1 



4096-word x 1-bit Fully Decoded Random Access Memory 

The HM 10470 is ECL 10K compatible, 4096-words x 1-bit, read 
write random access memory developed for high speed systems such 
as scratch pads and control/buffer storages. 

The fabrication process is the Hitachi's low capacitance, oxide isola- 
tion method with double metalization. 

The HM10470 is encapsulated in cerdip-18 pin package, compatible 
with Fairchild's F10470. 

■ FEATURES 

• 4096-word x 1 -bit organization 

• Fully compatible with 10K ECL level 



Address access time: 



Write pulse width: 



• Low power dissipation: 



HM 10470 
HM1 0470-1 
HM 10470 
HM10470-1 
0.2mW/bit 



25ns (max) 
15ns (max) 
25ns (min) 
15ns (min) 



Output obtainable by wired-OR (open emitter) 



■ TRUTH 


TABLE 








Input 


Output 


Mode 


CS 


WE 


Din 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write "1" 


L 


H 


X 


Dout* 


Read 



tes) x Irrelevant 

* . Read Out Nomnvert 

I BLOCK DIAGRAM 





I PIN ARRANGEMENT 




(Top View) 



TTTTU 



I ABSOLUTE MAXIMUM RATINGS (Ta-25 # C) 



Item 


Symbol 


Rating 


Unit 


Supply Voltage 


Vee to Vcc 


+0.5 to -^7.0 


V 


Input Voltage 


v.. 


+0.5 to Vee 


V 


Output Current 


;... 


-30 


mA 


Storage Temperature 


r.„ 


-65 to +150 


•c 


Storage Temperature 


T.u(Bias)* 


-55 to +125 


•c 



* Under Bias 
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■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vee=> -5.2V, Rl-SOCI to -2.0V, Ta = to + 75°C, air flow exceeding 2m/sec) 



Item 


Symbol 


Test Condition 


min(B) 


typ 


max(A) 


Unit 




VOH 


V,n~V,ha or VlLB 


O'C 


-1000 


- 


-840 






+ 25'C 


-960 


- 


-810 




Output Voltage 


+ 75'C 


-900 


- 


-720 


mV 


Vol 


O'C 


-1870 


- 


-1665 




+ 25*C 


-1850 


- 


-1650 






+ 75'C 


-1830 


- 


-1625 






Vohc 


Vm-Vihb or Vila 


O'C 


-1020 


- 


- 






+ 25*C 


-980 


- 


- 




Output Threshold Voltage 


+ 75'C 


-920 


- 


- 


mV 


Volc 


O'C 


- 


- 


-1645 




+ 25'C 


- 


- 


-1630 






+ 75'C 


- 


- 


-1605 






V,H 


Guaranteed Input Voltage 
High for All Inputs 


O'C 


-1145 


- 


-840 






+ 25'C 


-1105 


- 


-810 




Input Voltage 


+ 75'C 


-1045 


- 


-720 


mV 


VlL 


Guaranteed Input Voltage 
Low for All Inputs 


O'C 


-1870 


- 


-1490 




+ 25*C 


-1850 


- 


-1475 






+ 75'C 


-1830 


- 


-1450 






I,H 


Vim - Viha 


to +75'C 


- 


- 


220 




Input Current 


III 


cs 


VlH-VlLB 


to +75'C 


0.5 


- 


170 


M 




Other 


-50 


- 


- 






lit 


All Input and Output Open, 


To -O'C 


-200 # 


-160* 


- 




Supply Current 


-280" 


-200" 


- 


mA 








Ta-75'C 


- 


-145 


- 





* HM 10470 
** HM10470-1 

• AC CHARACTERISTICS (V££ = 

1. READ MODE 



-5.2V ±5%, Ta = to +75°C, air flow exceeding 2m/sec) 



Item 


Symbol 


Test Condition 


HM 10470 


HM 10470-1 


Unit 


mm 


typ 


max 


mm 


typ 


max 


Chip Select Access Time 


tACS 




- 


- 


10 


- 


- 


8 


ns 


Chip Select Recovery Time 


t RCS 


- 


- 


10 


- 


- 


8 


ns 


Address Access Time 


tAA 


- 


15 


25 


- 


12 


15 


ns 



2. WRITE MODE 



Item 


Symbol 


Test Condition 


HM 10470 


HM 10470-1 


Unit 


min 


typ 


max 


min 


typ 


max 


Write Pulse Width 


tw 


tws a — 3ns 


25 


- 


- 


15 


- 


- 


ns 


Data Setup Time 


twSD 




2 


- 


- 


2 


- 


- 


ns 


Data Hold Time 


twHD 


2 


- 


- 


2 


— 


- 


ns 


Address Setup Time 


twSA 


lw-lir... 


3 


- 


- 


3 


- 


- 


ns 


Address Hold Time 


twHA 




2 


- 


- 


2 


- 


- 


ns 


Chip Select Setup Time 


twscs 


2 


- 


- 


2 


- 


- 


ns 


Chip Select Hold Time 


twHCS 


2 


- 


- 


2 


- 


- 


ns 


Write Disable Time 


tws 


- 


- 


10 


- 


- 


8 


ns 


Write Recovery Time 


tw ft 


- 


- 


27 


- 


- 


17 


ns 
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-HM10470, HM1 0470-1 



3. RISE /FALL TIME 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Output Rise Time 


t. 




- 


2 


- 


ns 


Output Fall Time 


t/ 


- 


2 


- 


ns 


4. CAPACITANCE 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


C 




- 


3 


- 


pF 


Output Capacitance 


C. 


- 


5 


- 


pF 



■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

Test Circuit 

Vcc( CND) 



0.01//F 




Rl=SOQ 

Ct = 30pF( includes 

probe and jig 

capacitance) 



2. INPUT PULSE 



|. = l/ = 20ns typ 



3. READ MODE 






£ 





80% 
50% Dout 

20% 



)€l 



4. WRITE MODE 



^VL 



$€ 



■yd: 



50 %S L 



V 



-J 



K 



X 



-A' 
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HM10470, HM10470-1- 



SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 







































































V« = - 5.20 V 
I I 



20 40 60 80 

Ambient Temperature Ta (*C) 



SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 



















































/ 




















7a=25'C 

I 



-5.72 -5.20 -4 68 

Supply Voltage Vu (V) 



ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE 











































HW04J 


1— — *"■ 










h££ 


K n^ 














Vk--! 


,20V 



20 40 60 80 100 

Ambient Temperature Ta (*C) 



ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE 











































HMW 


70 __ 










HM1 


470- 1_ 




















7o = 


!5'C 



-5.72 -5.20 -4.68 

Supply Voltage V« (V) 



CHIP SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE 



1 « 



20 40 60 80 100 

Ambient Temperature To ( "C ) 



CHIP SELECT ACCESS TIME 
vs. SUPPLY VOLTAGE 











































HM1O470 
HM1047 


1-1 


























r«=j 


5'C 



-5.72 -5.20 -4.68 

Supply Voltage V« (V) 
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-HM10470, HM10470-1 



WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE 



» 20 

I 

10 































HM 


0*70 






















H» 


1Q470-1 














Vft--5^0V 



WRITE PULSE WIDTH vs. 
SUPPLY VOLTAGE 



20 40 60 80 100 

Ambimt Ttmperttur* 7« (*C) 































HM10470 _ 






















HMlOjtTO-^ __ 














Ta= 


5*C 



-5.72 -5.20 

Supply Voluge V« (V) 



HITACHI 

Hitachi America Ltd. • 2210 OToole Avenue • San Jose, CA 95131 • (408) 435-8300 



599 



I 



HM.0480,HM10480F 



16,384-wordsx 1-bit Fully Decoded Random Access Memory 

The HM10480 is ECL 10K compatible, 16,384-words x 1-bit, 

read/write random access memory developed for high speed 

systems such as scratch pads and control/buffer storages. 

The fabrication process uses the Hitachi's low capacitance, oxide 

isolation method with double metal ization. 

The HM10480 is encapsulated in cerdip-20 pin and flat 20-pin 

package, compatible with Fairchild's F10480. 



■ FEATURES 

• 16,384-words x 1-bit organization 

• Fully compatible with 10K ECL level 

• Address access time: 25ns (max) 

• Write pulse width: 25ns(min) 

• Low power dissipation: 0.05mW/bit 

• Output obtainable by wired-OR (open emitter) 

■TRUTH TABLE 



Input 


Output 


Mode 


CS 


WE 


Din 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write "1" 


L 


H 


X 


Dout* 


Read 



HM10480 




HM10480F 




' Irrelevant 

. Read Out Noninvert 



I BLOCK DIAGRAM 



A A A A A A A 



I PIN ARRANGEMENT 





«? < 3 



(Top View) 



■ABSOLUTE MAXIMUM RATINGS 


7a~25°C) 




Item 


Symbol 


Rating 


Unit 


Supply Voltage 


V EE to Vcc 


+ 0.5 to -7.0 


V 


Input Voltage 


V,. 


+0.5 to Vee 


V 


Output Current 


/.., 


-30 


mA 


Storage Temperature 


T.„ 


-65 to +150 


*C 


Storage Temperature 


r.,.(Bias)' 


-55 to +125 


*C 
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-HM10480, HM10480F 



■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS {Vee = -5.2V, Rl-SOCI to -2.0V, Ta-0 to +75'C, air flow exceeding 2m/sec) 



Item 


Symbol 


Test Condition 


min(B) 


typ 


max (A) 


Unit 




Von 


Vin — Vih a or VlLB 


o*c 


-1000 


- 


-840 






+ 25'C 


-960 


- 


-810 




Output Voltage 


+ 75*C 


-900 


- 


-720 


mV 


Vol 


O'C 


-1870 


- 


-1665 




+ 25'C 


-1850 


- 


-1650 






4-75'C 


-1830 


- 


-1625 






Vohc 


Vin — Vihb or Vila 


o*c 


-1020 


- 


- 






+ 25*C 


-980 


- 


- 




Output Threshold Voltage 


+ 75'C 


-920 


- 


- 


mV 


Volc 


0*C 


- 


- 


-1645 




+ 25*C 


- 


- 


-1630 






+ 75*C 


- 


- 


-1605 






VlN 


Guaranteed Input Voltage 
High for All Inputs 


0*C 


-1145 


- 


-840 






+ 25*C 


-1105 


- 


-810 




Input Voltage 


+75*C 


-1045 


- 


-720 


mV 


VlL 


Guaranteed Input Voltage 
Low for All Inputs 


o*c 


-1870 


- 


-1490 




+ 25*C 


-1850 


- 


-1475 






+ 75 # C 


-1830 


- 


-1450 






I,N 


Vin - Vina 


to +75*C 


- 


- 


220 




Input Current 


IlL 


cs 


Vin -Vilb 


to + 75*C 


0.5 


- 


170 


M 




Others 


-50 


- 


- 




Supply Current 


Iee 


All Input and Output Open, 


Ta -0*C 


-200 


-140 


- 


mA 


Test Pin 10 




Ta -75*C 


- 


-130 


- 



• AC CHARACTERISTICS (Vk- -5.2V ±5%, Ta = to +75°C, air flow exceeding 2m/sec) 
1. READ MODE 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Chip Select Access Time 


tACS 




2 


- 


15 


ns 


Chip Select Recovery Time 


tKCS 


2 


- 


15 


ns 


Address Access Time 


Iaa 


3 


15 


25 


ns 



2. WRITE MODE 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Write Pulse Width 


tw 


twsA — 5ns 


25 


- 


- 


ns 


Data Setup Time 


twSD 




5 


- 


- 


ns 


Data Hold Time 


twifD 


5 


- 


- 


ns 


Address Setup Time 


twSA 


( w -25ns 


5 


- 


- 


ns 


Address Hold Time 


tWHA 




5 


- 


- 


ns 


Chip Select Setup Time 


twscs 


5 


- 


- 


ns 


Chip Select Hold Time 


twNCS 


5 


- 


- 


ns 


Write Disable Time 


tws 


- 


- 


15 


ns 


Write Recovery Time 


tw* 


- 


- 


30 


ns 
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HM10480, HM10480F- 

3. RISE/FALL TIME 



■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

Test Circuit 



Vcc(GND) 




0.01//F 



3. READ MODE 

c5 



Rl = Cl 



2.0V *t=50Q 

Ct=30pF( includes 
probe and jig 
capacitance) 



i,-t/-2.0ns 



A 



\ r- 



■Z)l€ 



)fc: 



4. WRITE MODE 

cs so*: 



Address 



WE 



SO* 



K 



%. 



ac 



\so* w *;£. 



N 50 * 



so*. 



K 



* % A 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Output Rise Time 


fr 




- 


2 


- 


ns 


Output Fall Time 


1/ 


- 


2 


- 


ns 


4. CAPACITANCE 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


C. 




- 


4 


- 


pF 


Output Capacitance 


C. 


- 


7 


- 


pF 



2. INPUT PULSE 








/ 


^80* 


1 7V — — ^| | 


V* 


1 1' 1 


1 
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HM 10480- .5 V HM 10480F-1S 



16,384-wordsx 1-bit Fully Decoded Random Access Memory 

The HM10480 is ECL 1QK compatible, 16,384-words x 1-bit, 

read/write random access memory developed for high speed 

systems such as scratch pads and control/buffer storages. 

The fabrication process uses the Hitachi's low capacitance, oxide 

isolation method with double metal ization. 

The HM10480 is encapsulated in cerdip-20 pin and flat 20-pin 

package, compatible with Fairchild's F10480. 



■ FEATURES 

• 1 6,384-words x 1 -bit organization 

• Fully compatible with 10K ECL level 

• Address access time: 15ns (max) 

• Write pulse width: 15ns (min) 

• Low power dissipation: 0.06mW/bit 

• Output obtainable by wired-OR (open emitter) 



■TRUTH TABLE 



Input 


Output 


Mode 


CS 


WE 


Din 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write "1" 


L 


H 


X 


Dout # 


Read 



HM10480-15 




(DG-20N) 



HM10480F-15 




: Irrelevant 

: Read Out Nomnvert 



I PIN ARRANGEMENT 



I BLOCK DIAGRAM 




o o I .H A i 




(Top View) 



I ABSOLUTE MAXIMUM RATINGS ( Ta-25'C) 



Item 


Symbol 


Rating 


Unit 


Supply Voltage 


V EE to V cc 


+0.5 to -7.0 


V 


Input Voltage 


v„ 


+0.5 to Vtt 


V 


Output Current 


/.., 


-30 


mA 


Storage Temperature 


r... 


-65 to +150 


*C 


Storage Temperature 


T., f (Bias)* 


-55 to +125 


•c 



* Under Bias 
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HM1 0480-1 5, HM1 0480F-1 5 - 



■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vse- -5.2V, /*l-50O to -2.0V, Ta-0 to +75 # C, air flow exceeding 2m/sec) 



Item 


Symbol 


Test Condition 


min(B) 


typ 


max (A) 


Unit 




VOH 


Vin — Viha or VlLB 


o*c 


-1000 


- 


-840 






+25*C 


-960 


- 


-810 




Output Voltage 


+ 75 # C 


-900 


- 


-720 


mV 


Vol 


O'C 


-1870 


- 


-1665 




+25*C 


-1850 


- 


-1650 






+75'C 


-1830 


- 


-1625 






Vohc 


Vin — Vihb or Vila 


O'C 


-1020 


- 


- 






+ 25'C 


-980 


- 


- 




Output Threshold Voltage 


+ 75*C 


-920 


- 


- 


mV 


Volc 


O'C 


- 


- 


-1645 




+25 # C 


- 


- 


-1630 






+ 75'C 


- 


- 


-1605 






V,H 


Guaranteed Input Voltage 
High for All Inputs 


O'C 


-1145 


- 


-840 






+ 25'C 


-1105 


- 


-810 




Input Voltage 


+ 75'C 


-1045 


- 


-720 


mV 


VlL 


Guaranteed Input Voltage 
Low for All Inputs 


O'C 


-1870 


- 


-1490 




+ 25*C 


-1850 


- 


-1475 






+ 75'C 


-1830 


- 


-1450 






IlH 


V,N-V,HA 


to +75'C 


- 


- 


220 




Input Current 


IlL 


cs 


V,N-V,LB 


to +75'C 


0.5 


- 


170 


M 




Others 


-50 


- 


- 




Supply Current 


Iee 


All Input and Output Open, 


To -O'C 


-240 


-220 


- 


mA 


Test Pin 10 




Ta-75'C 


- 


-200 


- 



• AC CHARACTERISTICS (Vee* 

1. READ MODE 



-5.2V ±5%, 7a = to + 75*C, air flow exceeding 2m/sec) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Chip Select Access Time 


tACS 




2 


- 


8 


ns 


Chip Select Recovery Time 


t*CS 


2 


- 


8 


ns 


Address Access Time 


t AA 


3 


12 


15 


ns 



2. WRITE MODE 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Write Pulse Width 


tw 


tws a — 3ns 


15 


- 


- 


ns 


Data Setup Time 


twSD 




2 


- 


- 


ns 


Data Hold Time 


twtfD 


3 


- 


- 


ns 


Address Setup Time 


twSA 


t w — 15ns 


3 


- 


- 


ns 


Address Hold Time 


tWHA 




2 


- 


- 


ns 


Chip Select Setup Time 


twscs 


3 


- 


- 


ns 


Chip Select Hold Time 


t-WHCS 


3 


- 


- 


ns 


Write Disable Time 


tws 


- 


- 


12 


ns 


Write Recovery Time 


tw* 


- 


- 


17 


ns 
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- HM1 0480-1 5, HM1 0480F-1 5 



3. RISE/FALL "HME 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Output Rite Tine 


t. 




- 


2 


- 


ns 


Output Fall Time 


li 


- 


2 


- 


ns 



4. CAPACITANCE 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


C 




- 


3 


- 


pF 


Output Capacitance 


C, 


- 


5 


- 


pF 



■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

Test Circuit 

Vcc( CND) 




0.01„F 



3. READ MODE 



-2.0 V Kt=50fi 

Ci=30pF( includes 
probe and jig 
capacitance) 



— $ & 



4. WRITE MODE 

CS 50«- 



Address 



%. 



K. 



2. INPUT PULSE 

-0 9V- 




■Z)K 



\C r M% 



% 



X. 



tw iD / r50% 50*^ £_ 



° % A 




U I 
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HM10480L 



16,384-words X 1-bit Fully Decoded Random Access Memory 

The HM10480L is ECL 10K compatible, 16,384-words x 1-bit, 
read/write random access memory developed for high speed and 
low power systems such as control/buffer and main storages. 
The HM10480L is encapsulated in cerdip-20 pin package. 

■ FEATURES 

• 16,384-words x 1 -bit organization 

• Fully compatible with 10K ECL level 

• Address access time: 25ns (max) 

• Write pulse width: 20ns (min) 

• Low power dissipation: Standby 220mW (typ.), Operation 
350m W (typ.) 

• Output obtainable by wired-OR (open emitter) 

■TRUTH TABLE 




I PIN ARRANGEMENT 



Input 


Output 


Mode 


CS 


WE 


Dm 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write "1" 


L 


H 


X 


Dout* 


Read 



otes) x . Irrelevant 

* '■ Read Out Noninvert 

I BLOCK DIAGRAM 

ai-Cs:"" 
a. -£= 

Re 
Ai— £H Select 

a— te 

A.-CSI U 



cs-D»- 



weh>J 



Memory Matrix 
128X128 



-Vcc 
-GND 



Column I/O 




Ai Ai 



jj 




(Top View) 



I ABSOLUTE MAXIMUM RATINGS ( ra»25°C) 



Item 


Symbol 


Rating 


Unit 


Supply Voltage 


V EE to Vcc 


+0.5 to -7.0 


V 


Input Voltage 


v„ 


+0.5 to Vee 


V 


Output Current 


/.., 


-30 


mA 


Storage Temperature 


r., f 


-65 to +150 


*C 


Storage Temperature 


r., f (Bias)' 


-55 to +125 


*C 



* Under Bias 
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HM10480L 



■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS {Veb- -5.2V, ^l-500 to -2.0V, Ta-0 to +75'C, air flow exceeding 2m/sec) 



Item 


Symbol 


Test Condition 


min(B) 


typ 


max (A) 


Unit 




VOH 


Vin — Viha or VlLB 


O'C 


-1000 


- 


-840 






+25*C 


-960 


- 


-810 




Output Voltage 


+75'C 


-900 


- 


-720 


mV 


Vol 


0*C 


-1870 


- 


-1665 




+25'C 


-1850 


- 


-1650 






4-75'C 


-1830 


- 


-1625 






Vohc 


Vw-'ViHa or Vila 


0*C 


-1020 


- 


- 






+25'C 


-980 


- 


- 




Output Threshold Voltage 


+ 75*C 


-920 


- 


- 


mV 


Vote 


O'C 


- 


- 


-1645 




+25*C 


- 


- 


-1630 






+75*C 


- 


- 


-1605 






VlH 


Guaranteed Input Voltage 
High for All Inputs 


0*C 


-1145 


- 


-840 






+25*C 


-1105 


- 


-810 




Input Voltage 


+75*C 


-1045 


- 


-720 


mV 


VlL 


Guaranteed Input Voltage 
Low for All Inputs 


<rc 


-1870 


- 


-1490 




+25'C 


-1850 


- 


-1475 






-J-75'C 


-1830 


- 


-1450 






IlH 


VlH — VlHA 


to +75*C 


- 


- 


220 




Input Current 


IlL 


cs 


VlH ^ VlLB 


to +75*C 


0.5 


- 


170 


M 




Others 


-50 


- 


- 




Supply Current 


Itl 


All Input and Output Open, 


Ta-0'C 


- 


-70 


-120 


mA 


Test Pin 10 




To-75'C 


- 


-61 


-110 



• AC CHARACTERISTICS (Vee 5.2V ±5%, 7a-0 to +75*C, air flow exceeding 2m/sec) 

1. READ MODE 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Chip Select Access Time 


tACS 




- 


15 


25 


ns 


Chip Select Recovery Time 


t*cs 


- 


9 


25 


ns 


Address Access Time 


tAA 


3 


17 


25 


ns 



2. WRITE MODE 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Write Pulse Width 


tw 


tws a — 3ns 


20 


- 


- 


ns 


Data Setup Time 


twSD 




3 


- 


- 


ns 


Data Hold Time 


twifD 


2 


- 


- 


ns 


Address Setup Time 


twSA 


lw-20ns 


3 


- 


- 


ns 


Address Hold Time 


tWHA 




2 


- 


- 


ns 


Chip Select Setup Time 


twscs 


3 


- 


- 


ns 


Chip Select Hold Time 


tWHCS 


2 


- 


- 


ns 


Write Disable Time 


tws 


- 


- 


10 


ns 


Write Recovery Time 


twM 


- 


- 


25 


ns 
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HM1 0480L 

3. RISE/FALL TIME 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Output Rise Time 


tt 




- 


2 


- 


ns 


Output Fall Time 


li 


- 


2 


- 


ns 


4. CAPACITANCE 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


C 




- 


5 


- 


PF 


Output Capacitance 


C. 


- 


6.5 


- 


pF 



■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

Test Circuit 

Vcc(GND) 



2. INPUT PULSE 

-0.9V - 




7 



-1.7V f\ 



»,-«,-2.C 



0.01/iF 



3. READ MODE 



2.0V fti.=50fl 

Ci=30pF(includes 
probe and jig 
capacitance) 



I " Uct m fm " 



■50* 
tecs 



■Z)K 




50% 
.20* 



H h 50% 



4. WRITE MODE 

CS «>* 



3<" 



K 



%. 



K 



_jUox w *;£_ 



Nlsox 



yf 




a i 
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HM100422.HM100422F 
HM 1 00422CG 



256- word x 4-bit Fully Decoded Random Access Memory 

The HM 100422 is ECL 100K compatible, 256-word x 4-bit, read 

write, random access memory developed for high speed system such 

as scratch pads and control/buffer storages. 

Four active Low Block Select lines are provided to select each block 

independently. 

The fabrication process is the Hitachi's low capacitance, oxide 

isolation method with double metal izati on. 

The HM 100422 is encapsulated in cerdip-24pin package, or 24pin 

flat package compatible with Fairchild's F 100422. 

■ FEATURES 

• 256-word x 4-bit organization 

• Fully compatible with 100K ECL level 

• Address access time: 10ns (max.) 

• Minimum write pulse width: 6ns (min.) 

• Low power dissipation: 0.8mW/bit 

• Output obtainable by wired-OR (open emitter) 



■ TRUTH 


TABLE 








Input 


Output 


Mode 


BS 


WE 


Din 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write "1" 


L 


H 


X 


Dout* 


Read 



Notes) x .* Irrelevant 

* : Read Out Nomnvert 

■ BLOCK DIAGRAM 



? T ? 



Y-Decoder/Dnver 



AoO- 

Ai o- .. 

A > o- ii 

o 
Aj O- >< 

A. O- 



3 



U U u~u 



Memory Cell Array 
256 Words X4 Bus 



n n o n 



R/W Circuit R/W Circui 



R/W Circuit 



rrTTTTTTTTTT 



HM 100422 




(DG-24A) 



HM100422F 




HM100422CG 




PIN ARRANGEMENT 


• HM1 00422 


'"•d 


^ 


ta«. 


«ri 




g* 


DOijT 




g. 


-E 




3, 


oo. rr 




3*. 


*.[7 




3* 


*e.|7 




31.. 


uo, [7 




3, 


■E 




3* 


o^Gi 




jijD *• 


55i QT 




3"^ 


«E 




3u„ 



(Top View) 

•HM100422F 



nrinfinn 




uuuuuu 

bs. uo. ice v«i uo. 55 



(Top View) 

• HM100422CG 
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HM1 00422.HM1 00422F.HM1 00422CG 

■ ABSOLUTE MAXIMUM RATINGS (7a = 25'C ) 



Item 


Symbol 


Rating 


Unit 


Supply Voltage 


Vee to Vcc 


+ 0.5 to -7.0 


V 


Input Voltage 


v.. 


+ 0.5 to Vee 


V 


Output Current 


/... 


-30 


mA 


Storage Temperature 


T.« 


-65 to +150 


•c 


Storage Temperature 


T.i.(Bias)* 


-55 to +125 


•c 



* Under Bias 



■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vee- -4.5V, /?t = 50H to -2.0V, Ta = to +85°C, air flow exceeding 2m/sec) 



Item 


Symbol 


Test Condition 


min(B) 


typ 


max (A) 


Unit 


Output Voltage 


VOH 


V..-Viha or V,LB 


-1025 


-955 


-880 


mV 


Voi 


-1810 


-1715 


-1620 


mV 


Output Threshold Voltage 


VUHC 


V>n-ViKB or V ILA 


-1035 


- 


- 


mV 


Vote 


- 


- 


-1610 


mV 


Input Voltage 


VlH 


Guaranteed Input Voltage 
High/Low for All Inputs 


-1165 


- 


-880 


mV 


VlL 


-1810 


- 


-1475 


mV 




1,H 


V,.-VlHA 


- 


- 


220 


M 


Input Current 


llL 


V„-VlLB 


BS 


0.5 


- 


170 


M 




Others 


-50 


- 


- 


Supply Current 


Iee 


All Inputs and Outputs Open 


-200 


-165 


- 


mA 



• AC CHARACTERISTICS {Vee- -4.5V ±5%, Ta = to +85°C, air flow exceeding 2m/sec) 

1 . READ MODE 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Block Select Access Time 


tABS 




- 


- 


6 


ns 


Block Select Recovery Time 


tRBS 


- 


- 


5 


ns 


Address Access Time 


tAA 


- 


7 


10 


ns 



2. WRITE MODE 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Write Pulse Width 


tw 


twsA =2ns 


6 


4.5 


- 


ns 


Data Setup Time 


twSD 




2 





- 


ns 


Data Hold Time 


tWHD 


2 





- 


ns 


Address Setup Time 


twSA 


** = 6ns 


2 





- 


ns 


Address Hold Time 


twHA 




2 





- 


ns 


Block Select Setup Time 


twSBS 


2 





- 


ns 


Block Select Hold Time 


twHBS 


2 





- 


ns 


Write Disable Time 


tws 


- 


4 


6 


ns 


Write Recovery Time 


t*R 


- 


4.5 


12 


ns 



?. RISE /FALL TIME 



Item 


Symbol 


Test Condition 


mm 


typ 


max 


Unit 


Output Rise Time 


t. 




- 


2 


- 


ns 


Output Fall Time 


li 


- 


2 


- 


ns 



4. CAPACITANCE 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


C, 




- 


4 


- 


PF 


Output Capacitance 


C... 


- 


7 


- 


pF 
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HM1 00422,HM1 00422F,HM1 00422CG 



■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

Test Circuit 

Vcc(CND) 



0.01//F 



3. READ MODE 




Ri=$0Q 

Ci=30pF( includes 
probe and jig 
capacitance) 



K '*•»— < 



vf V"' 

ft »%i\ 



2. INPUT PULSE 

-0.9V 




- — v y — V 

BS X T*n> Address yt 

N A. — /K 



i r 



*r-</-2.0ni typ 



-Iaa H 



X 



4. WRITE MODE 



B.S 30V, 



5K 



E*C 



ac 



— hi »»■• \ / — ' ■ t»nv 



\-5rr 



5)K 



r Vf 
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HM100415,HM100415CG 



1024-wordxi-bit Fully Decoded Random Access Memory 

The HM 10041 5 is a 1024-word x 1-bit, read/write random access 
memory developed for application to scratch pads, control and 
buffer storages which require very high speeds. 
The HM 1004 15 is compatible with the HD100K families and 
includes on-chip voltage and temperature compensation for im- 
proved noise margin. This memory is encapsulated in cerdip-16pin 
package. 



FEATURES 

Level 100K ECL Compatible 

Organization 1024-word by 1-bit 

Address Access Time 10ns (max) 

Chip Select Access Time 5ns (max.) 

Power Consumption 0.6mW/bit (typ) 

Output Obtainable by Wired-OR (open emitter) 
Compatible with Fairchild F100415. 
TRUTH TABLE 



Input 


Output 


Mode 


CS 


WE 


Din 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write "1" 


L 


H 


X 


Dout* 


Read 



. Irrelevant 
. Read Out Noi 



I BLOCK DIAGRAM 




mn 

As A« At Ai A« 



I ABSOLUTE MAXIMUM RATINGS (T a = 25°C) 



Item 


Symbol 


Rating 


Unit 


Supply Voltage 


Vee to Vcc 


+0.5 to -7.0 


V 


Input Voltage 


v.. 


+0.5 to Vee 


v 


Output Current 


/... 


-30 


mA 


Storage Temperature 


T.„ 


-65 to +150 


•c 


Storage Temperature 


r.u(Bias)* 


-55 to +125 


•c 



* Under Bias 



HM100415 




HM100415CG 




IPIN ARRANGEMENT 
• HM100415 




(Top View) 

• HM100415CG 

Vee 
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■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (V«- -4.5V, KZ.-50O to -2.0V, Ta-0 to +85°C, air flow exceeding 2m/sec) 



Item 


Symbol 


Test Condition 


min(B) 


typ 


max (A) 


Unit 


Output Voltage 


VOH 


V>» — Viha or VlLB 


-1025 


-955 


-880 


mV 


Vol 


-1810 


-1715 


-1620 


mV 


Output Threshold Voltage 


Vqhc 


V„ — Vihb or Vila 


-1035 


- 


- 


mV 


Volc 


- 


- 


-1610 


mV 


Input Voltage 


V,H 


Guaranteed Input Voltage 
High/ Low for All Inputs 


-1165 


- 


-880 


mV 


VlL 


-1810 


- 


-1475 


mV 




1,H 


V,n~V,HA 


- 


- 


220 


M 


Input Current 


III 


V.n-V,LB 


CS 


0.5 


- 


170 


M 




Others 


-50 


- 


- 


Supply Current 


Iee 


All Inputs and Outputs Open 


-200 


-150 


- 


mA 



• AC CHARACTERISTICS (V**- -4.5V ±5%, Ta-0 to 4-85'C, air flow exceeding 2m/sec) 
1. READ MODE 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Un.t 


Chip Select Access Time 


tACS 




- 


3 


5 


ns 


Chip Select Recovery Time 


t KCS 


- 


3 


5 


ns 


Address Access Time 


tAA 


- 


7 


10 


ns 



2. WRITE MODE 



Item 


Symbol 


Test Condition 


mm 


typ 


max 


Unit 


Write Pulse Width 


tw 


tws a — 2ns 


6 


4 


- 


ns 


Data Setup Time 


twSD 




2 





- 


ns 


Data Hold Time 


tWHD 


2 





- 


ns 


Address Setup Time 


twSA 


U-6ns 


2 





- 


ns 


Address Hold Time 


tWHA 




2 





- 


ns 


Chip Select Setup Time 


twscs 


2 





- 


ns 


Chip Select Hold Time 


twHCS 


2 





- 


ns 


Write Disable Time 


tws 


- 


3 


5 


ns 


Write Recovery Time 


twit 


- 


3 


12 


ns 



3. RISE /FALL TIME 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Output Rise Time 


I, 




- 


2 


- 


ns 


Output Fall Time 


tj 


- 


2 


- 


ns 



4. CAPACITANCE 



Item 


Symbol 


Test Condition 


mm 


typ 


max 


Unit 


Input Capacitance 


C. 




- 


3 


- 


P F 


Output Capacitance 


C, 


- 


5 


- 


P F 
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HM10041 5,HM1 0041 5CG- 



■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

Test Circuit 

Vcc(CND) 



O.OlxiF 




Ri == Cl 



2.0 V fa=50Q 

Ci=30pF( includes 
probe and jig 
capacitance) 



2. INPUT PULSE 

-0.9V - 



.5= 



3. READ MODE 



r\ /■ 



CM 



fl]£- 



ygr 



4. WRITE MODE 



)C 



¥c 



-f$A m 



-I 



K 






X 



X 



■rf 



614 



<S£ HITACHI 

Hitachi America Ltd. • 2210 O'Toole Avenue • San Jose, CA 95131 • (408) 435-8300 



■ FEATURES 

• 1 024-word x 4-bit organization 

• Fully compatible with 100K ECL level 

• Address access time: 25ns(max) 

• Write pulse width: 25ns(min) 

• Output obtainable by wired-OR (open emitter) 



■ TRUTH 


TABLE 








Input 


Output 


Mode 


CS 


WE 


Dm 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write " 1 " 


L 


H 


X 


Dout* 


Read 



tes) x Irrelevant 

* : Read Out Noninvert 

I BLOCK DIAGRAM 



Ai A* 

1 T 



I Y-Decoder/Dnver J 



IS 



¥ 



Memory Cell Array 
1024 Words 



w 



m I rVw 



cs ^i frrc M y I fort"',' 1 f' rcu '{ 1 c tr<="'' I 



i n n r 

§ a 



I ABSOLUTE MAXIMUM RATINGS (7a- 25°C) 



Item 


Symbol 


Rating 


Unit 


Supply Voltage 


Vee to Vcc 


+ 0.5 to -7.0 


V 


Input Voltage 


V,n 


+ 0.5 to Vee 


V 


Output Current 


/... 


-30 


mA 


Storage Temperature 


T.„ 


-65 to +150 


*C 


Storage Temperature 


7.., (Bias)* 


-55 to +125 


•c 



* Under Bias 



HM 100474 



HM1 00474, HM1 00474F 

1024- word x 4-bit Fully Decoded Random Access Memory 
The HM1 00474 is a 1024-words x 4-bit, read/write, random access 
memory developed for high speed systems such as scratch pads and 
control/buffer storages. 

The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metal ization. 

The HM100474 is compatible with the HD100K ECL families and 
includes on-chip voltage and temperature compensation for im- 
proved noise margin. This device is encapsulated in cerdip-24-pin and 
flat 24pin package, compatible with Fairchild's F 100474. 




HM100474F 




■ PIN ARRANGEMENT 
• HM1 00474 




(Top View) 
• HM100474F 

At Ai A; Vu 

nnnnnn 



WE | 1 
CS[ 2 
Pit | 3 

Uh| 
l)b| 



24 23 22 21 

1 


20 


19 
18 


:> 


I 




17 


u* 


3 




16 


3» 


1 




IS 


D- 


5 




14 


3* 


S 

7 8 9 10 


11 


13 
12 


3- 


uuuuuu 

DOi DOi \cc \>cca DOj D04 




(Top View 


) 
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HM1 00474.HM1 00474F — 

■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS {Vee- -4.5V, RlSQCI to -2.0V, 7a-0 to 4-85°C, air flow exceeding 2m/sec) 



Item 


Symbol 


Test Condition 


min(B) 


typ 


max (A) 


Unit 


Output Voltage 


VOH 


V„ — Viha or Vilb 


-1025 


-955 


-880 


mV 


Vol 


-1810 


- 1715 


-1620 


mV 


Output Threshold Voltage 


Vohc 


V..-V,hb or V,LA 


-1035 


- 


- 


mV 


Volc 


- 


- 


-1610 


mV 


Input Voltage 


V,H 


Guaranteed Input Voltage 
High/ Low for All Inputs 


-1165 


- 


-880 


mV 


VlL 


-1810 


- 


-1475 


mV 




IlH 


V.n-VfHA 


- 


- 


220 


M 


Input Current 


I,L 


V,n-V,LB 


CS 


0.5 


- 


170 


M 




Others 


-50 


- 


- 


Supply Current 


Iee 


All Inputs and Outputs Open 


-200 


-165 


- 


mA 



• AC CHARACTERISTICS (V ££ = -4.5V ±5%, Ta = Q to +85*C, air flow exceeding 2m/sec) 
1. READ MODE 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Chip Select Access Time 


t ACS 




- 


- 


10 


ns 


Chip Select Recovery Time 


t RCS 


- 


- 


10 


ns 


Address Access Time 


tAA 


- 


15 


25 


ns 



2. WRITE MODE 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Write Pulse Width 


tw 


tws a" 3ns 


25 


15 


- 


ns 


Data Setup Time 


twSD 




2 


- 


- 


ns 


Data Hold Time 


tWHD 


2 


- 


- 


ns 


Address Setup Time 


twSA 


tw—twmin 


3 


- 


- 


ns 


Address Hold Time 


IWHA 




2 


- 


- 


ns 


Chip Select Setup Time 


twscs 


2 


- 


- 


ns 


Chip Select Hold Time 


twHCS 


2 


- 


- 


ns 


Write Disable Time 


tws 


- 


- 


10 


ns 


Write Recovery Time 


tw* 


- 


- 


27 


ns 



3. RISE /FALL TIME 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Output Rise Time 


t. 




- 


2 


- 


ns 


Output Fall Time 


ti 


- 


2 


- 


ns 



4. CAPACITANCE 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


C. 




- 


4 


- 


pF 


Output Capacitance 


C, 


- 


7 


- 


pF 
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HM1 00474, HM100474F 



■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

Test Circuit 

Vcc(GND) 




3. READ MODE 



-2.0V Rl=50Q 

Ct = 30pF( includes 
probe and jig 
capacitance) 



\ /■ 



50% 

tKCS 



I 80% * C 50% 



2. INPUT PULSE 

-0 9V 




-1.7V f\ 



zx 




)K]E 



4. WRITE MODE 

CS 50%- 



X 



K 



X. 



X. 



£ _Jr50% 50%t£_ 
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HM100474.HM100474F- 



SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 







































































Vee = -< 


.50V 



-20 20 40 60 80 100 

Ambient Temperature To (*C) 



SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 



Ho 































* 








































7V,=25*C 





-4.95 -4.50 -4.05 

Supply Voltage V E[ (V) 



ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE 

























































Vk = 


= -4.50V 

















20 40 60 80 100 

Ambient Temperature Ta CO 



ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE 



























































7o=25'C 

















-4.95 -4.50 -4.05 

Supply Voltage V E £ (V) 



CHIP SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE 

























































v«= 


■■ -4.50V 

















20 40 60 80 100 

Ambient Temperature To (*C • 



CHIP SELECT ACCESS TIME 
vs. SUPPLY VOLTAGE 







































































ra=25*C 

















-4.95 -4.50 -4.05 

Supply Voltage Vec (V) 
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HM1 00474, HM100474F 



WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE 



an 
25 


























-a 

3 

* 15 

i 

2 10 
* 

5 




































Vet «- 50V 















WRITE PULSE WIDTH vs. 
SUPPLY VOLTAGE 



25 
* lS 

i 

2 10 

























































r«-25t 

















20 40 60 

Ambient Temperature Ta (*C) 



-4.95 -450 -4.05 

Supply Voltage Vtt (V) 
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HM100474-8,HM10047A-10Preliminary 

HM100474F-8, HM100474F-10 



1024-wordx4-bit Fully Decoded Random Access Memory 

The HM 100474 is EC L 100k compatible, 1024-words x 4-bit, read 
write, random access memory developed for high speed systems such 
as scratch pads and control/buffer storages. 
The fabrication process is the Hitachi's U-groove isolation method. 
The HM 100474 is encapsulated in cerdip-24 pin and flat 24 pin 
package, compatible with Fajrchild's F 100474. 

■FEATURES 

• 1024-word x 4-bit organization 

• Fully compatible with 100K ECL level 

• Address access time: HM 100474-8 8ns (max) 

HM100474-10 10ns (max) 

• Write pulse Width: HM 100474-8 5ns (min) 

HM100474-10 5ns(min) 

• Low power dissipation: 0.3mW/bit 

• Output obtainable by wired-OR (open emitter) 



■ TRUTH 


TABLE 








Input 


Output 


Mode 


CS 


WE 


Din 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write "1" 


L 


H 


X 


Dout* 


Read 



Notes) X '• Irrelevant 

• : Read Out Nonivert 

■ BLOCK DIAGRAM 



Aoo 
Aio 
Ajo 
Aio 



XL 



"w 



Y- Decoder/ Driver 

31 



XL" 



Memory Cell Array 



& 



-m~ 



JL 



we< H r7w I KTw 1 R7W I I 

cs °H fiW I ft ro»' I C |rc »'[ I £i 

o o o o o o o 

3 S S n S q 



£ 



rcmt I 
<5 



I ABSOLUTE MAXIMUM RATINGS (Ta-25 # C) 



Item 


Symbol 


Rating 


Unit 


Supply Voltage 


Vee to Vcc 


+0.5 to -7.0 


V 


Input Voltage 


v.. 


+0.5 to Vee 


V 


Output Current 


U> 


-30 


mA 


Storage Temperature 


T.„ 


-65 to +150 


•c 


Storage Temperature 


r...(Bias)* 


-55 to +125 


•c 



« Under Bias 



HM 100474-8, HMl 00474-10 




(DG-24A) 



HMl 00474 F-8, HM 1 00474 F- 10 




(FG-24) 



■ PIN ARRANGEMENT 

• HM100474-8, HM 100474-10 




(Top View) 
• HM 100474 F-8, HM10047F-10 

A. A. At Vee A. NC 

nnnnnn 






WE 
CS 

UIi| 



Note) The specifications of this device are subject to change without notice. 
Please contact your nearest Hitachis Sales Dept, regarding specifications. 



24 23 22 21 20 19 
18 


P* 


17 


:> 


, 16 


u* 


15 


> 


5 M 


> 


5 13 
7 8 9 10 11 12 


I> 


uuuuuu 

UOi DOi Vcc Vcc* DOi D0« 
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— — HM1 00474-8, HM 100474-10, HM100474F-8, HM100474F-10 

■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (V £ £ = -4.5V, Rl = 50(1 to -2.0V, Ta-0 to +85°C, air flow exceeding 2m/sec) 



Item 


Symbol 


Test Condition 


min(B) 


typ 


max (A) 


Unit 


Output Voltage 


VOH 


V..— Viha or VlLB 


-1025 


-955 


-880 


mV 


Vol 


-1810 


- 1715 


-1620 


mV 


Output Threshold Voltage 


Vohc 


V,.-VtHB or V,LA 


-1035 


- 


- 


mV 


Vote 


- 


- 


-1610 


mV 


Input Voltage 


VlH 


Guaranteed Input Voltage 
High/Low for All Inputs 


-1165 


- 


-880 


mV 


VlL 


-1810 


- 


-1475 


mV 




IlH 


V t .~V,HA 


- 


- 


220 


M 


Input Current 


In 


V.n-ViLB 


CS 


0.5 


- 


170 


M 




Others 


-50 


- 


- 


Supply Current 


lit 


All Inputs and Outputs Open 


-240 


-220 


- 


mA 



• AC CHARACTERISTICS {Veb- -4.5V ±5%, 7a-=0 to +85°C, air flow exceeding 2m/sec) 
I. READ MODE 



Item 


Symbol 


Test Condition 


HM100474/F-8 


HM100474/F-10 


Unit 


min 


typ 


max 


min 


typ 


max 


Chip Select Access Time 


t ACS 




- 


- 


6 


- 


- 


6 


s 


Chip Select Recovery Time 


t RCS 


- 


- 


6 


- 


- 


6 


ns 


Address Access Time 


tAA 


- 


- 


8 


- 


- 


10 


ns 



2. WRITE MODE 



Item 


Symbol 


Test Condition 


HM100474/F-8 


HM100474/F-10 


Unit 


min 


typ 


max 


min 


typ 


max 


Write Pulse Width 


tw 


twsA = 2ns 


5 


- 


- 


5 


- 


- 


ns 


Data Setup Time 


twSD 




1 


. - 


- 


2 


- 


- 


ns 


Data Hold Time 


twHD 


1 


- 


- 


2 


- 


- 


ns 


Address Steup Time 


twSA 


tw = twmin 


2 


- 


- 


2 


- 


- 


ns 


Address Hold Time 


twHA 




1 


- 


- 


2 


- 


- 


ns 


Chip Select Setup Time 


twscs 


1 


- 


- 


2 


- 


- 


ns 


Chip Select Hold Time 


tWHCS 


1 


- 


- 


2 


- 


- 


ns 


Write Disable Time 


tws 


- 


- 


6 


- 


- 


6 


ns 


Write Recovery Time 


tWR 


- 


- 


9 


- 


- 


12 


ns 



3. RISE /FALL TIME 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Output Rise Time 


tr 




- 


2 


- 


ns 


Output Fall Time 


tf 


- 


2 


- 


ns 



4. CAPACITANCE 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


C. 




- 


3 


- 


pF 


Output Capacitance 


C. 


- 


5 


- 


pF 
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HM1 00474-8, HM1 00474-10, HM100474F-8, HM100474F-10- 



■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

Test Circuit 

Vcc(GND) 




O.OluF 



3. READ MODE 



Rl s: d 



2.0V Rl=5QQ 

Ct=30pF(includes 
probe and jig 
capacitance) 



-> /■ 



50* 
tecs 






4. WRITE MODE 

CS 50« : 




■Z* 



)fc: 



^c 



3< 



K- 



X. 



\*°* w *;£. 



NrW* 



o%v 




v>% 



1/ I 
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HM100470 



4096-wordxi-bit Fully Decoded Random Access Memory 
The HM100470 is a 4096-words x 1-bit, read/write, random access 
memory developed for high speed systems such as scratch pads and 
control buffer storages. 

The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metal ization. 

The HM100470 is compatible with the HD100K ECL families and 
includes on-chip voltage and temperature compensation for im- 
proved noise margin. This device is encapsulated in cerdip-18pin 
package, compatible with Fairchild's F 100470. 

■ FEATURES 

• 4096-word x 1-bit organization 

• Full compatible with 100K ECL level 

• Address access time: 25ns(max) 

• Write pulse width: 25ns (min) 

• Output obtainable by wired-OR (open emitter) 

■ TRUTH TABLE 



Input 


Output 


Mode 


CS 


WE 


Din 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write " 1 " 


L 


H 


X 


Dout* 


Read 



Notes) X : Irrelevant 

* : Read Out Nonivert 

■ BLOCK DIAGRAM 





I PIN ARRANGEMENT 




(Top View) 



nun 



I ABSOLUTE MAXIMUM RATINGS (Ta= 25'C) 



Item 


Symbol 


Rating 


Unit 


Supply Voltage 


Vee to Vcc 


+0.5 to -7.0 


V 


Input Voltage 


v.. 


+0.5 to Vee 


V 


Output Current 


/... 


-30 


mA 


Storage Temperature 


r.„ 


-65 to +150 


•c 


Storage Temperature 


r.u(Bias)' 


-55 to +125 


•c 
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HM1 00470- 



■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vbe- -4.5V, flt = 50O to -2.0V, Ta-O to +85°C, air flow exceeding 2m/sec) 



Item 


Symbol 


Test Condition 


min(B) 


typ 


max (A) 


Unit 


Output Voltage 


VOH 


Vin — VlHA Or VlLB 


-1025 


-955 


-880 


mV 


Vol 


-1810 


-1715 


-1620 


mV 


Output Threshold Voltage 


Vohc 


V,.-V,hb or V IU 


-1035 


- 


- 


mV 


Vote 


- 


- 


-1610 


mV 


Input Voltage 


VlH 


Guaranteed Input Voltage 
High/ Low for All Inputs 


-1165 


- 


-880 


mV 


VlL 


-1810 


- 


-1475 


mV 




llH 


V,n-V,HA 


- 


- 


220 


M 


Input Current 


IlL 


V t n-V,LB 


CS 


0.5 


- 


170 


M 




Others 


-50 


- 


- 


Supply Current 


Iee 


All Inputs and Outputs Open 


-200 


-165 


- 


mA 



• AC CHARACTERISTICS(V r ££--4.5V ±5%, Ta = to +85°C, air flow exceeding 2m/sec) 
1. READ MODE 



Item 


Symbol 


Test Condition 


mm 


typ 


max 


Unit 


Chip Select Access Time 


tACS 




- 


- 


10 


ns 


Chip Select Recovery Time 


tRCS 


- 


- 


10 


ns 


Address Access Time 


tAA 


- 


- 


25 


ns 



2. WRITE MODE 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Write Pulse Width 


/h 


to sa = 3ns 


25 


- 


- 


ns 


Data Setup Time 


Ihsd 




2 


- 


- 


ns 


Data Hold Time 


tHH!) 


2 


- 


~ 


ns 


Address Setup Time 


(USA 


/m -- tn min 


3 


- 


- 


ns 


Address Hold Time 


t\\HA 




2 


- 


- 


ns 


Chip Select Setup Time 


tuscs 


2 


- 


- 


ns 


Chip Select Hold Time 


t\i HCS 


2 


- 




ns 


Write Disable Time 


t\\b 


- 


- 


10 


ns 


Write Recovery Time 


t»R 




- 


- 


27 


ns 



3. RISE /FALL TIME 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Output Rise Time 


t. 




- 


2 


- 


ns 


Output Fall Time 


tj 


- 


2 


- 


ns 


4. CAPACITANCE 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


C. 




- 


3 


- 


pF 


Output Capacitance 


C, 


- 


5 


- 


PF 
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HM1 00470 



■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

Test Circuit 

Vcc(GND) 



0.01*iF 




-2.0V Rt=50fi 

Ci = 30pF(include$ 
probe and jig 
capacitance) 



2. INPUT PULSE 

-0.9V - 



3. READ MODE 



r\ f 



Ok 



flJ^- 



>e: 



4. WRITE MODE 



CS 50** 



M- 



$C 



50** 



)C 



-I 



3C 






t 



>e 



—-if- 
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HM100480-15 9 - 
HM100480F-1S 



Preliminary 



16,384-words xi-bit Fully Decoded Random Access Memory 

The HM 100480-1 5 is ECL 100K compatible, 16,384-words x 1-bit, 

read/write random access memory developed for high speed systems 

such as scratch pads and control/buffer storages. 

The fabrication process uses the Hitachi's U-groove isolation 

method. 

The HM100480-15 is encapsulated in cerdip-20 pin and flat-20 pin 

package, compatible with Fairchild's 100480. 

■FEATURES 

• 16,384-words x 1-bit organization 

• Fully compatible with 100K ECL level 

• Address access time: 15ns (max) 

• Write pulse width: 15ns (min) 

• Low power dissipation: 0.06mW/bit 

• Output obtainable by wired-OR (open emitter) 

■TRUTH TABLE 



Input 


Output 


Mode 


CS 


WE 


Din 


H 


X 


X 


L 


Not Selected 


L 


L 


L 


L 


Write "0" 


L 


L 


H 


L 


Write "1" 


L 


H 


X 


Dout* 


Read 



Notes) X : Irrelevant 

* : Read Out Non invert 

■ BLOCK DIAGRAM 



A. < 
A2 < 
Aj < 

A4 < 

Am 

A«< 



HM100480-15 




(DG-20N) 



HM100480F-15 




(FG-20D) 



I PIN ARRANGEMENT 




4 A A A A i A 

< «? < £ £ £ £ 
I ABSOLUTE MAXIMUM RATINGS ( Ta-25 e C) 




Item 


Symbol 


Rating 


Unit 


Supply Voltage 


V EE to Vcc 


4-0.5 to -7.0 


V 


Input Voltage 


K, 


+0.5 to Vbe 


V 


Output Current 


/... 


-30 


mA 


Storage Temperature 


r.„ 


-65 to +150 


*C 


Storage Temperature 


7;« f (Bias)' 


-55 to +125 


'C 



* Under Bias 



(Top View) 

Note) 

The specifications of 

this device are subject 

to change without 

notice. 

Please contact your 

nearest Hitachi's 

Sales Dept. regarding 

specifications. 
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■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS^- -4.5V, /U-50O to -2.0V, Ta-0 to +85*C, air flow exceeding 2m/sec) 



Item 


Symbol 


Test Condition 


min(B) 


typ 


max(A) 


Unit 


Output Voltage 


VoH 


V,.- V IHA or V UB 


-1025 


-955 


-880 


mV 


Vol 


-1810 


-1715 


-1620 


mV 


Output Threshold Voltage 


Vohc 


V„-V IHB or V ILA 


-1035 


- 


- 


mV 


Volc 


- 


- 


-1610 


mV 


Input Voltage 


Vih 


Guaranteed Input Voltage 
High/ Low for All Input 


-1165 


- 


-880 


mV 


V,L 


-1810 


- 


-1475 


mV 




Lh 


V„-V, KA 


- 


- 


220 


M 


Input Current 


llL 


V..~ V.LB 


CS 


0.5 


- 


170 


M 




Others 


-50 


- 


- 


Supply Current 


ItE 


All Inputs and Outputs Open 


-220 


- 


- 


mA 



• AC CHARACTERISTICS ( Vee = -A.5V±5%, Ta = Q to +75°C, air flow exceeding 2m/sec) 
I. READ MODE 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Chip Select Access Time 


tACS 




2 


- 


8 


ns 


Chip Select Recovery Time 


tecs 


2 


- 


8 


ns 


Address Access Time 


tAA 


3 


12 


15 


ns 



2. WRITE MODE 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Write Pulse Width 


/u 


/h s4=3ns 


15 


- 


- 


ns 


Data Setup Time 


/ II SI) 




2 


- 


- 


ns 


Data Hold Time 


t II HI) 


2 


- 


- 


ns 


Address Setup Time 


t II 5 4 


/n =/n min 


3 


- 


- 


ns 


Address Hold Time 


/llH4 




3 


- 


- 


ns 


Chip Select Setup Time 


/ll !>C$ 


2 


- 


- 


ns 


Chip Select Hold Time 


/ll// ti 


2 


- 


- 


ns 


Write Disable Time 


tns 


- 


- 


12 


ns 


Write Recovery Time 


t\\R 


- 


- 


17 


ns 
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3. RISE /FALL TIME 



■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

Test Circuit 

Vcc(GND) 



2. INPUT PULSE 

-0.9V - 





0.01//F 



3. READ MODE 



-2.0V Kl=50G 

Ci=30pF( includes 
probe and jig 
capacitance) 



r\ /' 






•ZZ)K 



)fcL 



4. WRITE MODE 

CS 50% 



Add re S! 



X. 



%\ 



%. 



X 



_jUo% 50% ?(^. 



Nr509i 



m A 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Output Rise Time 


tr 




- 


2 


- 


ns 


Output Fall Time 


t/ 


- 


2 


- 


ns 


4. CAPACITANCE 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input Capacitance 


C. 




- 


3 


- 


pF 


Output Capacitance 


C... 


- 


5 


- 


pF 




l, I 
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HEADQUARTERS 

Hitachi, Ltd. 

New Marunouchi Bldg., 5-1, 

Marunouchi 1-chome 

Chiyoda-ku, Tokyo 100, Japan 

Tel: Tokyo (03) 212-1111 

Telex: J22395, J22432, J24491, 

J26375 (HITACHY) 
Cable: HITACHY TOKYO 



U.S. SALES OFFICE 

Hitachi America, Ltd. 

Semiconductor and IC Division 

2210 OToole Avenue 

San Jose, CA 95131 

Tel: 408-435-8300 

Telex: 17-1581 

Twx: 910-338-2103 

Fax: 408-435-2748 

Fax: 408-435-2749 

Fax: 408-435-2782 



REGIONAL OFFICES 

MID-ATLANTIC REGION 

Hitachi America, Ltd. 
1700 Galloping Hill Rd. 
Kenilworth, NJ 07033 
201/245-6400 

NORTHEAST REGION 

Hitachi America, Ltd. 
5 Burlington Woods Drive 
Burlington, MA 01803 
617/229-2150 

SOUTH CENTRAL REGION 

Hitachi America, Ltd. 

Two Lincoln Centre, Suite 865 

5420 LBJ Freeway 

Dallas, TX 75240 

214/991-4510 

NORTH CENTRAL REGION 

Hitachi America, Ltd. 
500 Park Blvd., Suite 415 
Itasca, IL 60143 
312/773-4864 

NORTHWEST REGION 

Hitachi America, Ltd. 
2210 O'Toole Avenue 
San Jose, CA 95131 
408/435-2200 

SOUTHWEST REGION 

Hitachi America, Ltd. 

18300 Von Karman Avenue, Suite 730 

Irvine, CA 92715 

714/553-8500 

SOUTHEAST REGION 

Hitachi America, Ltd. 

4901 N.W. 17th Way, Suite 302 



DISTRICT OFFICES 



Hitachi America, Ltd. 

3800 W. 80th Street, Suite 1050 

Bloomington, MN 55431 

612/896-3444 



Hitachi America, Ltd. 

80 Washington St., Suite 302 

Poughkeepsie, NY 12601 

914/485-3400 



Hitachi America, Ltd. 
6 Parklane Blvd., #558 
Dearborn, Ml 48126 
313/271-4410 



Hitachi America, Ltd. 
6161 Savoy Dr., Suite 850 
Houston, TX 77036 
713/974-0534 



Hitachi (Canadian) Ltd. 

2625 Queensview Dr. 

Ottawa, Ontario, Canada K2A 3Y4 

613/596-2777 



Fort Lauderdale, 
305/491-6154 



FL 33309 
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